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STUDIES IN THE NEUROLOGICAL MECHANISM OF í 
PARATHYROID TETANY. 


BY RANYARD WEST, > 
Reit Memorial Research Fellow. 
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INTRODUCTION. 


THE paper which follows is a contribution in a certain limited field 
in the wide problem of the mechanism by which the muscular spasms 
of tetany are produced. 

In recent ‘years the study and the literature of tetany have been 

considerable. As a condition it is not easy to define, of its essential 
nature we are ignorant. Its predominant manifestation is of muscular 
contractions of widespread regional distribution and of divergent forms. 
In man and in certain higher mammals distinctive postures occur. A. 
variety of changes in the chemical composition of the blood &re ‘associated 
with tetany; the condition has been nevertheless recorded in the 
absence of such changes. Tetany has been’ found associated ‘with a 
number of diseases of the central nervous system, though it also occurs 
in the absence of any demonstrable disekse of the brain, spinal cord or 
peripheral nerves. 

It is profitable to study the. mechanism of the production of aue 
contractions in a specific form of tetany, that arising from parathyroid 
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extir pation. Only the neuro-Muscular mechanism carole igs con- 


sidered, and this only ‘in certain ‘of its aspects. Similar studies have 
been made before [1, 2, 3, 4 but dhe views of the problem as & whole 
differ somewhat from the-one saken heré, and not in all cases have my 
observations and deductions coingided with “those of previous writers. 
Certain phenomena aree newly xecorded. 


e es 
= 3 ae Part I. 
THE Mopurreation OF PARATHYROID TETANY BY PERIPHERAL 
>. , > NERVE SECTION. 


Partial or complete denervation of one hind limb was undégtaen in 


seven dogs. In four, the sciatic nerve was divided in the gluteal 
region; in the remaining three the combined anterior and posterior 
roots*of segments 3, 4, 5, 6, 7, 8 in the lumbar region of the spinal cord 
were cut. The operation was done on the lett side, extra-thecally, 
and the cauda equina was transected immediately below the last severed 
root. Tetany was induced by parathyroidectomy. Eleven observations 
were made at intervals varying from four and & half hours o twenty 
days after nerve section. 

Parathyroid tetany in dogs — be classified in its molor mani- 
festations as :— ° - ' | 

(1) Tonic tetany, where continued contraction of a muscle or a group 
of muscles produces a strongly marked posture. , 

(2) Clonic tetany, where whole muscles, or a large proportion of the 
fibres of a muscle, contract synchronously or nearly synchronously, 


producing a violent jerked movement of the limb, or a sharp twitch of. 


an individual muscle. The clonic contractions of tetany frequently 
occur in @ flaccid limb; they are variable and irregular in frequency, 
but may reach a rate and occasion grouping suggesting the beating of a 
kettle-drum., The latter form occurs characteristically in the scalp. 

(8) Fibrillary tetany, consisting of a rapid repeated contraction of a 
small group of fibres in one or more areas, not — scattered 
widély throughout the musculature of the body. 

It has been stated by Paton, Findlay and Watson [1] that section 


of the nerves to any part entirely and immediately abolishes all spasms, ; `. 


tremors and jerkings of the muscles supplied. My observations suggest 
that, in the case of the dog, 1f twenty-four hours are allowed! to elapse 
between the nerve section and the onset of tetany, the latter will 
seldom be seen in the denervated muscles (see Table I), but fibrillary 
tetany can undoubtedly occur in the first few hours after denervation, 
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and in early stages grouped —— enough to be classed as ¢ 
“clonic ” have been seen. The torfic (posturaly elefnent has, howevar, 
not been presént in this series, In, all cases where comparison wae 
possible, the activity of the tetany was less ìn- the denervatede thuscles 
than in the normal opposite limb. REE 

Clenic tetany was clearly seen inethe case of — precipitated 
four and a quarter hours after nerve section, and in no other case. 
(Table I, Dog 1.) In the one case marked “ Doubtful Result ” (Dog 7, 
third day), tetany was probably absent, but it was not certain that 


the. limb was flaccid throughout. In all the remaining cases dbrillary 


. tetany was either continuously present or never observed. 


Table I shows the time after denervation at which tetany was 
induced, the presence or absence of tetany in the denervated muscles, 


and the condition of the opposite hind:limb. ; : 
TABLE I. 
Dos eitsot atin Tmoafer Tetany snd denervated Totany 1 pponta 
1. Sciatic 4¢hours Ohronic and' fibrillary Tonic extension, clonic 
tetany in flexors and and fibrillary 


y 


extensors below knee 
reser Fibrillary tetany  Fibnllary and slight tonic 


. 5 
Bpinal roots t hours} + throughout 
Spinal roots 7 hours Fibmnilary tetany in — tonic extensor. Fib- 
; hamstrings, gastro- rillary active. 
. epemius 
4. Sciatic 12 hours ` No tetany (Both sides denervated) 
5. Sciatic 24 hours Fibrillary ities in (No observations) 
hamstrings f 
eG. Spinal roots 2 days No tetany Tonio, fibrillary, Occa- 
` sional clonic — 
T. Sciatic 3 days Doubtful result (Both sides denervated) 
8. . Spinal roots 8 days No tetany - Some tonic extensor. eib- 
” rillary active 
6. Spinal roots 4 days No tetany i Fibrillary 
6. Spinal roots 5 days No tetany Tonio, alonic and fibrillary 
4.7 Sciatle 18 days No tetany Tonic ané clonic 
T. Sciatic 80 days No tetany _ {Both sides denervated) 


Electrical reactions in denervated tetany pxeparations.—Electrical 
reactions obtained by a stimulating electrode placed on the skin [7] 


-have been recorded in tetany in dogs [8]. In denervate preparations, 


apart from tetany, certain anomalous electrical reactions were obtained 
and are recorded elsewhere [9]. Briefly, a phase of hyperexcitability 
occuts on about the fifth day after denervation and persists as long as 
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‘it has been studied (to the, E day). This effect, on the eighth 
day, i8 shown in Table IX. Table jae shows the reactions in the same 
dog.in tetany. It will be sgen that while the notable fall of threshold, 
especially? and characteristicatly, of the. kathodal opening current 
(K.O.C.), has occurred qn the normal side, the denervated side has not 
fallen further. The reading ine tetany on the denervated |sid@ was 
higher in each ftem than it håd been since the fifth day of denervation. 
In this cage tetany was precipitated on the twenty-second day. No 
tetany occurred in the denervated limb. 


. a TABLE I. (BEFORE PARATHYROIDECTOMY.) 
Stimulus Left (denervated, 8th day) Right (intact limb) 
K.0.0. 0-1 milliampere 1-8 ma. | 
K,0.0. 0°25 i 6:0 |,, 
A.C.0. 0°16 P 23 yy 
4 A.0.0. 0°25 * B°5 y 
TABLE IIL. (in Terany—22np Day.) 
Denervated 
Stimulus Occasion 1 Oceasion 2 Tntact lm 
K.0.0 > 05 ma. 07 ma 0'4 ma 
K.0.C 0'45 ,, 0'2 ,, O-4 ,, 
4.0.0 06 y 0-18 ,, 08 ,, 
10 Cs, Ob, Ob ,, 


If, however, tetany be induced on the second day after section, and 
thus before the electrical effects of denervation are apparent, the 
characteristic fall in threshold occurs. (Table IV.) 


TABLE IV. (2ND Day.) 


Limits of five previous readings In tetany 
K.0.0. 0'5 to 0.8 ma. 0:5 ma, 
K.0.0, 50 to 100 ,, 05 ,, 
A.0.0. 16 to 23 ,, 0-2, 
A.0.0. 19to 85 ,, 05 ,, 


limb or not: : 

Another ĉase was seen in both phases. The left radial and ulnar 
nerves had been severed. On the second day latent tetany was\doubtful, 
by the criterion of the hind-limb kathodal opening current threshold 
(1°5 ma.). The reactions in the fore-limbs, however, showed a fall 
which has never been found on the denervated side on the second day 
in the absence of tetany. 


Lt was doubtful whether slight tetany was present in the tC 


TABLE V. (2ND Dar.) 


Left (denervated) Rught 
K.C.0. 0-5 ma. 0:29 ma. 
K.0.0. O15 1:2 =, 
A.O.O. — O3. — O'75 ,, 
A.O.C. 0°22 ,, 0°45 ,, 
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Tt will be noted that the K. O. ‘ane in particular, is — in the¢ 
denervated limb than in the limb — affeċtéd bf tétany.. `. 

On the fourth day, the formal foré-limb and hind-limb showed fally 
developed tetany reactions. On the ninth Mmd twelfth days latent tetany 
was still present, the readiffgs for the latter day being :— 


TABLE VI. (re Day.) 


s 
Left (denervated) Right Hind-limb 
K,0.0 0-1 ma 04 ma. š j 
K.0.C 6-3 ,, O45 ,, 0-5 ma. ° 
A.0.0 O72 4, OD i — 
A.0.0 02 ,, °- ON" acc . 9 


+ 


- Here the readings of K.O.C. sre lowered on each side to a level ` 
characteristic of tetany. 
On the fourteenth day, however, though tetany was still , present, 
the reactions in the fore-limbs showed a rise in threshold on the 
denervated side. 


TABLE VII. (140H Day.) 


Left (denervated) * Right 
K.0.6 0-98 ma. 0-2 ma 
K.0.0 a io R 029 ,, 
A.0.0 EB. 45 0°85 ,, 
A.0.0 1g i O21 ,, 
è 


In a ftit case, in which tetany developed only four and‘ quarter 
hours after sciatic section, not only did hyperexcitability occur on the 
denervated side, but the K.O.C. was peculiarly low (0'075 to 0°09). In 
this case clonic and fibrillary tetany were definitely present on the 
denervated side, though less active than on the normal side. 

These results suggest an' exaggeration of the electrical hyper- 
excitability of tetany in the early stages (first few hours) of degeneration 
of a peripheral nerve. After the phase of degenerative hyperexcitability 
has set in, however, no further fall of threshold occurs with the onset of 
tetany, the threshold even tending to rise on this event. These findings 
are summarized in Table VIII. ) 


TABLE VUL ° 
bog tane. Tooge FORT Aeon aL 
1 4} hours 1:75 ma. 0:09 ma." ` Fall (exag.) Yes 
6 2nd day 50 to10-0 ma. 05 ,, Fall - ? 
8 8rd day 20 to 44 = ,, 025 ,, Fall — 
8 17th day 08 to 08 , oo y Slight rise No 
6 gnd day 0-075 to O25 , >t 0'45 ,,: Rise , No 


_ * Later 0-075, the opposite intact side being 0°25. 
t Since onset of hyperexcitabilify on 5th day. 


% 
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l 
The progress of the changes from the 2nd to the 14th days can be 
followed in one animal *— — | 


ry e “ a 
ka s E = 
Day after K.0.0. K.0.0,  ~ : Oritanions of 
denervation normal sidg denervated side Tiny tetany 
ond L2 ma. * 0-15 nfa. Not definite Hind leg ' 
° a K.O.0, 1:5 ma. 
9th e.e — Ol ,, Not definite — 
12th 1B, O2 ,, Latent Hind leg 
e: K.0.0. 0'5 ma 
» 14th 0-29 ,, LO z Latent Hind leg | 
e K.0.0. 0°82 ma. 


Summary and Conclusions. 


(1) Peripheral nerve sections were undertaken in seven 'dogs, and 
parathyroid tetany induced. Observations both upon the incidence of 
tetarty and upon the electrical reactions were made. 

(2) Clonic and fibrillary tetany can occur in muscles denervated a 
few hours previously (four and a quarter hours in these experiments). 

(3) Fibrillary tetany can occur for at least twenty-four hours after 
denervation. | 

(4) Tonic tetany has not been observed after denervation. 

(5) After the third day following denervation no elements of tetany 
have been detected.” Observations have been continued as far as the 


‘twentieth day. | 


(6) The hyperexcitability to electrical stimuli which occurs. in tebany 
is present to an exaggerated degree for some hours after denervation 
(forty-eight hours in the experiments). A second phase is subsequently 
found in which the electrical reactions of denervated muscle do not 


fall, but rather tend to rise with the onset of tetany. 


, Part II. | 


TETANY IN “ SPINAL” Doas. 


Completetransection of the spinal cord in the region of the eighth 
dorsal segment was performed on six dogs. A seventh was subjected to 
transection at the level of the first dorsal segment. Parathyroid tetany 
was induced at varying periods after transection. Eleven observations 
upon the effect of tetany on the regions posteriar to the section were 
made at intervals varying from six hours to thirty-six days. In addition, 
the effects of tetany upon the properties of the spinal preparations were 
examined. These observations are summarized in Table X. | 
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è 
TABLE X. 
e 
— Toteny me porad Toth Atat- “Spl, 
1. 6 hours Fibrillary only Tonic (extensor), “++ * 
: clonic and fibrillary go 
3. 80 hours Fibrillpgy and alight ° Absent * (T.R.) 
clonic í 
(1) Tonic, fibrillary’ Absent. * + + 
. 8 5 days slight clonic z y 
; (2) Tonic and fibrillary % Spontaneous clopio st 
4, 6 days = Fibrillary only 
4, 7 days Fibrillary and clonic Pibrillary and clonio 4 
2 8 days Fibrillary only - Absent e (T.R) 
4 11 days Olonic and fibrillary Olonio, fibrillary, occa, id 
sionally tonio : 
4 18 days ` Clonic f Olonic + 
5. 14 days Tonio, clonio, fibrillary Tonio, clonic, fibrillary 
4, 18 days Occasional clonic Occasional clonic ++ §1 
6 86 days Tonio, colonia, fibrillary Tonic, clonic, fibrillary +4 32 
+ = Present. 
++ <= Vary active, 
§1 = Added reflexes, 
§2 =: Added reflexes, 
T.R. == ‘* Spinal preparation ’’ reflexes absent, but tendon reflexes present, 


Analysis of Table. 


(1) Occurrence of Tetany.—Tetany was absent on three observations 
only out of eleven. On one of these occasions tetany was dpoubtfully 
present on the same day. The negative results bear no constant time 
relationship to the transection of the spinal cord, occurring as they do 
at thirty hours, five days and eight days after section. Tetany was 
present at six hours, six days and seven days after section. Two of the 
negative observation3 were on the same dog (Dog 2), in which active 
tetany was poor, fibrillary and slight tonic tetany being present on the 
occasion of the first observation (thirty hours), and only fibrillary tetany 
on the second occasion (eight days). Unlike the other five animals of 
the series, this dog never developed the characteristic reflexes of the 
chronic spinal preparation, though the tendon reflexes were present 
from the first day after section. . Further, the general condition of this 
animal was poor throughout, and especially so on°the eighth day. It 
may be said, therefore, that in this series of “spinal” dogs tetany was 
definitely present on eight occasions out of eleven, and that in two of the 
three exceptions more than one factor was present which might render 
the one dog concerned an unfavourable subject. 

The remaining exception (Dog 3, fifth day) requires further consid- 
eration. Parathyroidectomy was performed on the fourth day after 
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` transection of the cord. On othe fifth day the following _ were 
mad¢ — he é 


j 11.80 a.m.: Lower limbs in posture vf semi-flexion, slight resistance to 
passiveeflexion. Knee-jerks affd gnkle-jorks present and equal, Deep pressure 
on pal of foot produces a strong flexion reflex with crossed extension. Passive 
flexion produces crossed &xtension. *Anal reflex present. No reflex’ ‘stepping. 

Upper limbs: Bilateral extensor rigidity. Resistance to passive flexion, 
sometimes modified when the ‘“clasp- knife ” phenomenon is shown. : Fibrillary 
twitchds ang occasional clonic tetany in fore-limbs and scalp. ! 

%.15 to 4 p.m. : Continuous fibrillary tremors in both fore-limbs; none in 
hind-limbs. Fibrillary twitches in trunk, extending posteriorly to about as 
far as, but not further than half way down, the scar of the spinal operation. 
During the forty-five minutes of observation two rapid flexion movements 
occurred in the left hind-limb. At the first of these there were flies round the 
limb,.at the second it appeared as if the flexors of the thigh had twitched spon- 
tanedusly. Apart from this no spontaneous movements of any kind were seen 
in the lower limb during this period. 


There was thus tonic, clonic and fibrillary tetany in the — of 
the kody during the morning, and fibrillary tetany in the same areas 
continuously for forty-five minutes during the afternoon. On neither- 
occasion was any element of tetany observed in the posterior bortion of 
the animal, despite considerable activity of the “spinal preparation ” 
reflexes., i 

The eight occasions (four dogs) on which tetany occurred in the areas 
below the spinal section may now be discussed. | 


Dog 1.—Parathyroidectomy had been performed two days before transection 
of the cord was undertaken. Six hours after transsction the following was 
noted : Fibrillary tetany in the muscles of the left shoulder and fore-limb. In 
the left hind-limb, occasional bouts of definite clonic tetany occurred combined 
with strong extensor tone. Right hind-limb, occasional bouts of clonic tetany 
werg seen. In this dog the “spinal preparation ” reflexes, which are discussed 
fully later in this paper, ware very active at this stage. . | 

Dog 4.—Tetany occurred on the sixth, seventh, eleventh, thirteenth and 
eighteenth days after transection. In all instances it was present in the hind- 
limbs and there was apparently no significant difference between the severity 
in fore and hind limbs. “Spinal” reflexes varied in activity, Bu were always 
present. 

Dog 6.—All three elements of tetany were presentin the hind- limbs on the - 
fourteenth day after transection. The “spinal” reflexes were poorly developed 


in this case 

Dog 6.—Tetany was precipitated on the thirty-sixth day after — 
It occurred in all its forms in the hind-limbs, but with less extensor rigidity 
than in the fore-limbs, “Spinal” reflexes were very active ce in this 
Case, 
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(2) Nature of tetany in ‘ ‘inal ” dogs.—Parathyroid tetany in its - 
three forms, tonic, clonic and fibrillary, has beew observed in “ spna, 4 
dogs at various periods after cord transéction. . 

Tonic tetany has been observed six hours “fourteen days and thirty -81X 
days after transection. On*tnly two occasions was this form of tetany 
present in the fore-limbs and absen? in the hind- limbs, and on one 
occasion this finding was reversed. The posture seemed to be almost 
invariably extensor, and there did not appear to be any essential difference 
between tonic tetany in neurologically normal dogs and if, acute, or 
chronic ‘ spinal ” dogs. 

Clonic tetany has been seen six hours, seven days, Sleven days, 
thirteen days, fourteen days ant thirty-six days after spinal transection. 
On only one occasion was clonic tetany present in the fore-limbs and 
absent in the hind-limbs, and on one other occasion this finding- was 
reversed. In Dogs 1, 4, 6 and 6 the clonic twitches which occurred 
closely resembled those of tetany in a normal dog. In Dog 4, however, 
“The clonic extensor-jerks are slower than in tetany in normal animals, 
the period of contraction being extended to about half a second.” 
Myotatic irritability and considerable excitability of “ spinal” reflexes 
were present at the time. The case is discussed fully at a later stage in 
this paper. ! 

Fibrillary tetany differed in no visible manner from that ogcurring 
in areas possessing a normal nerve supply. 

On the whole there was a tendency for each type of tetany to make 
itself manifest earlier in the norma] fore-limbs than in the “spinal” 
hind-limbs. In one or two cases tetany was more active in the normal 
than in the abnormal limbs, but on the whole this distinction was by 
no means obvious. In Dog 6 (thirty-sixth day) tetany was more pro- 
nounced in the fore-limb, while in Dog 1 (six hours) it was more active 
in the hind-limb. 

(3) Spinal preparation reflexes in tetany. —The presence and form of 
the various reflexes associated with the spinal mammalian preparations 
were studied in conjunction with the variations occurring when tetany 
supervenes. Only one dog (Dog 2) failed to develop any of the reflexes. 
The dog was kept for nine days after transection of the cord. Para- 
thyroidectomy was performed on the day prior to the transection. 
Tetany occurred thirty-hours and eight days‘ after the spinal operation. 
Twenty-six hours after section and just prior to the onset of tetany the 
knee-jerks were both very active. At the onsetof tetany (thirty hours) 
and on subsequent days the hind-limbs remained flaccid, the knee-jerks 
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were present but not very active, and on no occasion were any added 
reflexes present, hia dog did net ‘develop tetany in the hind-limbs. 
The remaining dogs may Oe taken in order. 


Dég 4.—No ahservations + ware made Before the onset of tetany. At the 
onset of tetany (six hours) the knee-jerke were present and exaggerated. In 
addition : (1) squeezing the pad of the laft foot produced extension—not flexion— 
of that leg, a violent rapid thrust; (2) squeezing the pad of the right foot 
produced characteristic homolateral flexion and crossed extension; (8) there 
was a “stro&g extensor posture present on account of the tetany. It is interest- 
ing to record the presence of a well-marked crossed extensor reflex within six 
hours of transection of the cord. 


Dog 3.—No observations were made before the onset of tetany. At the 
onset of tetany (five days), the knee-jerks were present and equal. ‘The posture 
of the hind-limbs was one of semi-flexion. Slight resistance to passive flexion 
was encountered. Deep pressure on the pads of the feet produced a strong 
flexion reflex with crossed extension. The anal reflex was present. There 
was no tetany in the hind-limb at the time of making this record.’ The fore- 
limbs showed bilateral extensor rigidity, resistance to passive flexion being of 
the “ clasp-knife ” type. Fibrillary and clonic tetany were present. 

Dog 4.—-Before parathyroidectomy, on the third day of section, the knee- 
jerks were exaggerated on both sides. Signs of flexion and of crossed extension 
reflexes were present. Twenty-four hours after parathyroidectomy, in the 
presence of electrical Ayperexcitability, but seven hours before the appearance 
of active tetany and on the sixth day of section, the knee-jerks and flexion and 
crossed extension reflexes were present, but not very active. i 

At the onset of active tetany knee-jerks very brisk, fibrillary tetany in 
right hind-limb. Seventh day after section knee-jerks exaggerated, limbs 
flaccid; flexion and crossed extension reflexes present, but not very active. 
Fibrillary tetany was present. Subsequently the activity of the tetany was 
enhanced by heat when apparently spontaneous movements of the following 
nature were observed: (a) Flexion and extension of the left ankle occurring two 
or three times. The movement appeared co-ordinated and it was slow and 
deliberate in nature, occupying about half a second. This was followed by 
(b) spontanedus bilateral extension of both hind-limbs upwards, against gravity, 
the dog being upon his back at the time. The left leg extended first, both 
resisted passfve flexion and remained extended for some moments. At this ~ 
time the fore-limbsewere not rigid, only fibrillary tetany being present. 
Subsequently (c) flexion which appeared to be active occurred and both limbs 
remained flexed. Later‘on the same day these three phases were repeated, the 
right ankle now moving before the left. The knee-jerks were extremely active 
and the flexion reflex much more brisk than heretofore. Phillipson’s reflex was 
active. 

Cn the tenth day, when active tefany was not present, the flexion and 
crossed extension reflexes were obtained, but had lost a great deal of their 
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activity. On the eleventh day, when tetany had again been enhanced by heat, 
spontaneous movements were again present, smooth axtertsion against gravi 
being repeatedly observed. On she twelfth day an increase of the briskmess of 
both flexion and crossed extension reflexes oceurred without activatjon ‘of 
tetany. On the thirteenth day.active tétany Spontaneously returned.” It was 
clonic in form. The “spinal” reflexes were again wry active; the crossed 
extension reflex varied from its usual form im that passive flexion of one leg led 
to repeated flexion and extension of the oppositerleg. ° 

Dog 5.—Before parathyroidectomy, on the third day after section, both 
kmnee-jerks were obtained, but no added reflexes and no spasticity were present, 
On the fifth day slight spasticity occurred and both flexion and crossed extension 
reflexes were obtained. On the sixth day the responsé to the flexion and the 
crossed extension reflexes was sluggish and. prolonged. On the eleventh day 
flaccidity had occurred and the “ spinal reflexes’ were feeble. On the twelfth 
day both flexion and crossed extension reflexes were absent; the hiud-limbs 
were flaccid and the knee-jerks not exaggerated. On this day parathyroidectomy 
was performed. 

Two days after parathyroidectomy clonic tetany appeared in the scalp 
and fore-limbs. The knee-jerks had become brisk. Great myotatic irritability 
(to be referred to subsequently) occurred in the hind-limbs. The flexion and 
crossed extension reflexes returned though they were not active. Spontaneous 
micturition reflexes occurred, the two hind-legs flexing simultaneously, 
micturition occurring and bilateral extension of the hind legs following. A few 
hours subsequently spontaneous flexion and extension eccurred in the hind 
legs, both legs being rigidly extended, then one flexing and remaining flexed. 
The crossed extension reflex was present but was distorted. Passive flexion 
of the right leg produced extension of the left leg while passive flexion of the 
left leg led repeatedly to flexion of the right leg. 

Dog 6.—Before parathyroidectomy this dog was observed from the fifth to 
the thirty-fourth day. On the fifth day the knee-jerks were obtained and there 
was slight spasticity. The crossed extension reflexes were present-and equal. 
On the seventh day spasticity had increased and this continued to increase 
subsequently. On the nineteenth day the knee-jerks were very brisk, the 
flexion reflex was present, but sometimes irregular, g rapid jerk to half-flexion 
being followed by à much slower completion of the movement. On the 
twentieth day, passive flexion of one leg was found sometimes to excite 
extension and sometimes flexion of the other. Pinching the tos of one leg 
excited flexion on that side, then opposite extension, fellowed by a reversal 
of the movements, a marching reflex. On occasion passive flexion of one leg 
excited a series of extensor thrusts on the opposite side, a crossed pawing 
reflex. 

Parathyroidectomy was performed on the thirty-fourth day. A few hours 
prior to the onset of active tetany the distribution of tone in the hind legs 
enabled the dog to stand on all four legs for ‘several seconds. 

After the onset of tetany the following observations were made :— 
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(1) When the dog was beld pP spontaneous pawing and marching reflexes 
were constantly repeated: continuing actively for minutes at a time. The 
Lotiviey of these movements had* never been approached before’ the onset of 
tetan 
(a) The dog “ marched” ata “ pawed * even when lying on his side. , 

z The crossed extension and the flexion reflexes, elicited in the usual way, 
produced violent jerkedemovemerts, much more rapid and active than before 
tetany. a ° i 

(4) Edectrical reactions in tetany in “ spinal” dogs.—Stimulation 
Was with a small electrode applied to the skin over the muscles to be 
tested? a large indifferent electrode being applied to a distant part of 
the body. The circuit described elsewhere was used [7 ]. No significant 
alteration of threshold occurred in the hind-legs as a result of transec- 
tion of the spinal cord; a tendency towards higher readings in the hind- 
limb is found under normal conditions. With the onset of tetany, at 
whatever period after transection this occurred, the electrical thresholds 
fell coincidently in the fore and hind limbs to the usual degree, the 
kathodal opening contraction being in the region of one-tenth its normal 
value. 

(5) Other observations on tetany in “ spinal” dogs.—In observing the 
phenomena of tetany in these six “spinal’’ dogs certain| matters of 
interest, some confematory of previous observations, others seen for the 
first tifae, were recorded. | 

(a) The effect of heat.—A dog in latent tetany can frequently be thrown 
into active tetany by exposing it to heat just sufficient to cause panting 
[10]. Perhaps an added alkalosis is responsible for this. If fibrillary 
tetany is present before heating, well-marked clonic or tonic tetany can 
usually be induced within five minutes of the dog commencing to pant. 
Cooling the animal removes the symptoms coincidently with the 
ceSsation of panting. In one or two instances, inhalations of oxygen 
containing 10 per cente of carbon dioxide relieved the tetany within a 
few minutes. 

But in addition to the effect of heat upon the animal as a whole, 
radiant heat from, an electric radiator exercised an effect upon the 
muscles irradiated. This effect appeared to be either peculiar to, or 
very much more pronounced in, the “spinal” hind-limbs, in contra- 
distinction to the normally innervated fore-limbs. 


Dog 4.—-The dog was in fibrillary tetany. When a hind-limb was irradiated 
the muscles became very sensitive to touch. A light tap on a flexor of the 
knee would produce contraction locally, flexion of the knee and a movement of 
the tail. No such effect was present in the fore-limbs and it was also absent 
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in the opposite hind-limb which was,kept aool. This observation could be 
repeated alternately in the two hind legs by turning the dog over from side tq 
side. Finally a touch would cause-the whole limb to jerk and the tail to 
twitch, while the reflexes and the myotatic irritaBility were not changeg m the 
front leg in response to similar tteatment. The flexion reflexes were present, 
but not very active at this time. : a 


(b) Myotatic irritability in tetany.—In. addition to fhis myotatic 
- irritability produced by heat, the muscles of a dog in tetany are hyper- 
excitable to mechanical stimuli, apart from heat. Very active fibrillary 
contractions occur on cutting such muscles with a knife. This had 
previously been noted in the case of the scalp muscles in decerebrating 
a dog in tetany. It was confirmed in the muscles of the “spinal” 
preparation. 

(c) Increased response of muscle to mechanical excitation of nerve.— 
In one dog of the series (No. 4) the sciatic nerve on the left side was 
exposed during mild active tetany. It was found that digital manipula- 
tion of the nerve excited extensor twitches in the opposite leg and foot- 
No movement occurred on.the side stimulated. The nerve was merely 
rolled under the finger, and each roll produced a definite rapid extension. 
The right sciatic was exposed, and a similar crossed reaction noted. 
The possible analogy between this observation and Chvostek’s sign is 
` interesting. ° 

(d) ‘ Spontaneous” movements.—These have been recorded above 
(Dogs 4, 5, 6). In all three cases the movements occurred at a time 
when the “spinal ” reflexes were unduly brisk, and in Dog 6 movements 
were performed analogous to the “marching” or “pawing” reflex. 
The general nature of these movements and the associations mentioned 
above perhaps make it probable that they were in reality reflex movements 
set in motion by a small peripheral stimulus. 


Summary. ° 

(1) Tetany can occur in “spinal” dogs., It was observed at intervals 
of from six hours to thirty-six days after mid-dorsal section in five out 
of six dogs. Ina further experiment in which trangection was under- 
taken at the level of the first Sareal segment, tetany occurred in all four 
limbs. 

(2) Tetany in “spinal ” — occurs in all its three types, tonic, 
clonic and fibrillary. This is true whether the section be high or low in 
the dorsal region. 

(3) The clonic contractions of tetany tend to be less rapid in the 
hind-limbs of the “ spinal” animal. 
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(4) In “ spinal ” dogs theeactivity of the tetany produced does not 
eppear related to the time of its o€currence after transection of the cord, 

(BY The peculiar reflexes of the *‘ spinal ” animal were present as 
early*as six hours after transectiony wlten tetany occurred at that time. 
The activity of the“ gpinal ” reflexes tended to increase with the onset 
of tetany. “Spontaneous” ce-ordinated movements occurred in the 
hind-limbs, dI'here were distortions of the typical “spinal” reflexes. 

(6) The myotatic irritability of tetany is retained in the hind-limbs 
of the spinal preparation. Myotatic irritability induced by heat was 
greater in ‘i spinal” than in normally innervated limbs. 


| 
Part II. | 


DE-AFFERENTATION AND TETANY. 


The interruption of the afferent nerve supply from one or both 
hind-limbs was undertaken in four dogs. ! 

The dorsal spinal roots were severed extrathecally, the ventral 
(motor) roots being left intact. The operation was performed in the 
lumbar region, on one side in the case of three dogs, and bilaterally in 
one. In one case decerebration was subsequently performed. Tetany 
was induced by removal of the thyroid and parathyroid glands, at times 





TABLE XI. | 

ek e a 
l. Left L. 4,5, 24 hours Filaccid. Frbrillary Oppositeleg  Decerebrate rigidity 

6, 7 and de- tetany in ham- 

cerebrate string Fore-limbs Decerebrate rigidity 

end ons tetany 

2.° Left L. 4, 5, Some No tetany Opposite leg Slight clonio tetany 

6, 7 days 





8. Left L. 4, 5, 24 days Fibrillary tetany Oppositeleg  Clonio' tetany ham- 
strin 





6,7,8 hamstring g 
° 3 days Slight clonic ankle Oppositeleg Active clonic tetany. 
. and knee. Flaccid Olasp- knife rigidity 
4, Left and rt. 12 hours Fibrillsry left gas- Fore-limbs Fibrillary occasional 
L. 2,8,4, 5, troc., left ham- and trunk clonic 
6,7, 8 and string,right glutei 
cut cauda 86 hours Fibrillary, both Fore-limbs Indifferent fibrillary 
equina hind legs and trunk tetany 
60 hours Flaccid. Continu- Fore-limbs Strong tonio exten- 
ous fibrillary and trunk sor tetany. Con- 


tinuous, violent 
clonic and fibril- 
lary tetany 
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varying from a few hours to three days after the rae: operation. The 
result of de-afferentation upon tetany is shown in Tabſe XI. . 


Dog 1.—In this case the loft hind-limb was de-afferented by section gf the 
dorsal roots of the 4th, 5th, 6th and’ 7tle lumbar spinal nerves. The’ animal 
was in slight tetany at the commencement of and „during the operation. 
Intercollicular decerebration was undertaken immediately after de-afferentation, 
fibrillary tetany being present in the scalp muscles during eits execution. 
Two and a half hours subsequently, the decerebrate preparation was found to 
be satisfactory. Decerebrate rigidity was present in the three untouched 
limbs. Tonic extensor rigidity was very great. No clonic or fiprillary 
twitches could be seen in these limbs until flexion was *undertakerf, when both 
fore-limbs showed clonic jérks. The de-afferented limb was flaccid, but 
fibrillary tetany was present in the hamstring musoles. 

Dog 2.—The area de-afferented corresponded with that in Dog 1. Decere- 
bration was not performed. Subsequently, clonic tetany induced by para- 
thyroidectomy occurred in the fore-limbs and head, and to a less degree in the 
right (normal) hind-limb. It was entirely absent in the left (de-afferented 
hind-limb). Tonic and fibrillary tetany did not occur in this dog. 

Dog 8.—The dorsal roots of lumbar 4, 5, 6, 7, 8, on the left side were 
divided. On the third day clonic tetany occurred in the left shoulder region 
and in the right hind-limb, both in extensor and flexor muscles. One or two 
twitches were seen in the hamstring muscles of the left hind-limb. In 
addition, fibrillary tetany was observed in the region of the left ankle. A few 
hours later very active clonic and fibrillary tetany occurred in both fore-limbs. 
The dog was placed in a position of dorsal decubitus and the two hind-limbs 
compared. The right showed very active clonic tetany of the hamstrings, 
knee extensors and flexors, with short sharp twitches of the flexors and 
' extensors of the pad of the foot; there was also general extensor rigidity. The 
left (de-afferented) showed slight clonic tetany of the hamstrings, flaccidity of 
the knee extensors, with occasional added jerks. Very occasional twitches 
were seen in the ankle extensors and flexors. Contraction of the flexors 
of the pad of the foot were small (fibrillary) but active. These contractiéns 
were of longer duration than those of the right sidg. The limb as a whole 
was flaccid. 

Dog 4.—The dorsal roots of lumbar 2, 8, 4, 5, 6, 7,8, were severed on both 
sides, and the oauda equina cut through below L8. Tetany waf precipitated 
twelve hours after the operation. There were occasional clonic muscular 
contractions in the fore-limbs, and definite fibrillary tetany, without clonic 
jerks, in the gastrocnemius muscle of the left hind-limb. Subsequently 
fibrillary tetany was observed in the muscles of the shoulder and back, in the 
right gluteal and left hamstring or gastrocnemius muscles. There was 
occasional clonic jerking in the fore-limb but none in the hind-limb. At 
thirty-six hours there was definite fine fibrillary tetany in the extensors of the 
tight hip, and in the right and left gastrocnemius. After sixty hours, in head, 
violent clonic tetany ; fore-limbs in continuous tonic extension, very difficult to 
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overcome by passive flexion; @ontinugus additional clonic jerlis of violent 
watcre , fibrillary tetany’; trunk and ‘shoulders, active clonic fibrillary tetany , 
remainder, fibrillary tetany only. * Hind-Hmbs completely flaccid throughout ; 
no claie tetany whatever ; conginuous fibgillation throughout the musculature 
of both hind-limbs. The phenomena were observed continuously for fifteen 
minutes. Later in the*third day, alonic tetany occurred in the fore-limbs, but 
was entirely absent from the hind-limbs. 


Analysis of Results. 


* Of the four dogs, three showed fibrillary tetany in the E ET 
limb. *In fhe one failure tetany was but slight in the opposite control 
limb. ‘In Dog 1, decerebration did not modify the findings. , In Dog 3, 
on one occasion twitches amounting to clonic tetany were seen in the 
hamstring muscles of the de-afferented side. With this exception, the 
tetany observed in de-aflerented areas was alwavs fibrillary. In all 
tetany of this type was observed on five separate occasions, on each of 
which well-marked tonic or clonic tetany was present in the control 
limbs. In the case of Dog 4, the contrast between the fore-limbs and 
the hind-limbs was most strongly marked on all occasions. In this 
case both hind-limbs had been de-afferented. 


Conclusion. 


Dewfferentation of one or both hind-limbs greatly reduces the 
activity of tetany. With one temporary ‘exception, in which clonic 
tetany occurred, the form of tetany in de-afferented muscles has always 
been fibrillary. 


THE WORK AND OPINIONS OF PREVIOUS WEITERS IN RELATION TO 
THE PRESENT RECORDS. 


*(1) Denervation and tetany. — Paton, Findlay and Watson [1] 
recorded that peripheral nerve section abolished all “ spasms, tremors 
and jerkings ” of tetany. This I found true for fibrillary tetany only 
if an interval of some twenty-four hours is left for certain unknown 
peripheral changes ‚to follow upon nerve section. 

(2) Tetany in spinal dogs.—Carlson and Jacobson [4] found that 
after high thoracic transection of the cord “ extreme parathyroid tetany 
(epitepsy) does not directly involve the part posterior.” In view of this 
statement, I made a spinal preparation with the transection at the level 
of the first dorsal segment. Very active tonic, clonic and fibrillary 
tetany occurred in all four limbs. Luckhardt, Sherman and Serbin [5] 
mentioned that in chronic spinal preparations, while clonic and fibrillary 
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tetany are active, tonic tetany is less, , pronounced below the level of the 
section, and when present is “ in a great, measure due to the — 
of sensory nerves of some part ‘of the animal posterior to the transection.” 
My records show that sometime? the fore-Ambs and sometimes the hind- 
limbs show the more active tonic teteny. The.view that the tetany, 
both tonic and clonic, is contributed to by sensory impulses is supported 
by its abolition by deé-afferentation. Mustârd [2] also states that the 
epileptic (gic) spasms of parathyroid tetany do not develop pesterior | to 
a spinal transection, and regards this as evidence-of a dependence “of 
tetany upon certain higher centres. I was unable to find a eSnstant 
difference between the manifestations of tetany above and below the 
level of spinal sections. 

(8) Spinal refleces and tetany.—Luckhardt, Sherman and Serbin [5] 
recorded the great increase in reflex irritability of spinal dogs in tetany. 
They also noted the reduction in the period of spinal shock. Further, 
they noted the appearance of new and unusual reflexes. They state 
that animals in tetany were hypersensitive to strychnine. Carlson and 
Jacobson [4] mention reflex’ hyperexcitability as a feature of tetany. 
These observations were confirmed, with the exception of the strychnine 
effect, which was not examined. 

(4) Tetany and de-afferentation.—Mustard [2] rècords de-afferenta- 
tion of one hind-leg as leaving “slight twitchings”’ when’ tetany 
supervenes. This coincides with my observations. 

(5) Hyperexcttabtlity of peripheral nerve trunks.—Falta [11] quotes 
von Frankl-Hochwart to the effect that Trousseau’s phenomenon depends 
upon the excitability of the nerve: trunks themselves, and that tetany 
can result bilaterally from pressure on one brachial plexus. He further 
quotes Schlesinger as. saying that only “ mixed nerves” containing 
sensory fibres can excite tetany. These observations are of interesf in 
association with my finding of contractions af the opposite leg on 


‘mechanically stimulating the exposed sciatic nerve in a spinal prepara- 


tion. I cannot offer an explanation ‘of this phenomenon. 


SuMMARY. 


(1) The lowest reflex spinal arc is requisite to the full muscular 
manifestations of canine parathyroid'tetany. If this arc be interrupted 
on its afferent side by dorsal root section the grouping and synchron- 
ization of the contractions are minimal, and fibrillary tetany results. 
But if the arc remain intact, the contractions of the fibres are either 


synchronized into violent clonic muscular jerks (clonte tetany) or show 
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maintained contraction (tonto tetany}, Both types of contraction may 
accur contemporaneoubly in the dame limbs, and clonic jerks may be 
present in ẹ muscle which exhibits tonic fetany (Parts I and Iq). 

(2) All the elements of tatany gre retained in the hind-limbs when 
the spinal cord has been transected in the cervical or dorsal xegion. It 
is not found that impulses frem higher centres add anything to the 
pattern of camine tetany. Tetany shortens the period of “spinal shock ”’ 
and increases the activity of “spinal” reflexes. The myotatic irrita- 
bility of the transverse spinal preparation is also increased by tetany 
(Part PI). 

(3) ‘Fibrillary tetany is tetany in its simplestform. While an intact 
spinal-cord reflex arc is essential to the development of the, clonic and 
tonic forms of tetany, fibrillary tetany persists if the motor connections 
between the spinal cord and the muscle remain intact. Muscles which 
have been completely denervated for a few days do not develop fibrillary 
tetany (Part I). 

(4) Fibrillary tetany is not abolished by denervation until about 
twenty-four hours after section of the nerve of supply; thenceforward 
it is entirely absent. This implies that fibrillary tetany depends upon 
a circulatory factor acting upon an intact peripheral mechanism, the 
function of which ig critically altered, not at the time of nerve section, 
but some twenty-four hours subsequently (Part I). | 

(5) The electrical hyperexcitability which characterizes muscles in 
tetany is exaggerated in the early stages (first few hours) after section 
of the nerve of supply. On about the fifth day after section an indepen- 
dent electrical irritability characteristic of denervation sets in. At this 
stage tetany does not lower the electrical threshold, but rather tends to 
raise it (Part I). 


CoNCLUSIONS. 


The essential feature of tetany. appears to be the action of a 
circulatory factor peripherally upon some site in the muscle, to cause 
repeated contractions of individual muscle fibres and electrical hyper- 
excitability. Both this fibrillary tetany:and the electrical hyperexcita- 
bility are influenced by the nerve supply from the central nervous 
system. Given the integrity of the spinal reflex arc, the muscular 
contractions are synthesized into the characteristic forms of “tonic” 
and “clonic ” tetany. In the presence of only the motor supply from 
the spinal cord the contractions remain fibrillary in type, but electrical 
hyperexcitability persists. Complete denervation leads to the following 
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sequence of events: At first there ig continuation gf fibrillary tetany 
and increased electrical excitability wjth’ the onset of tetany., This . 
probably corresponds to a phase of early dageneration at some point of 


‘action within the muscle which nfasintains ite irritability to the cirtulatory 


factor of tetany, and increases the normal effect af the latter on direct 
electrical excitability. Subsequent degenerative changes lead succes- 
sively to the loss of the fibrillary response to the circulatory factor and 
the institution of a peculiar electrical excitability of degeneration which 
is independent of tetany. 

If this interpretation is correct, parathyroid — arises essentially 
from the action of a changed circulation upon muscles. The point of 
action depends upon an intact motor nerve supply for its function, and 


_ undergoes successive changes of threshold on denervation. An intact 


spinal reflex is required to convert essential or fibrillary tetany inte its 


` elaborate clonic and tonic forms. Impulses from nervous centres 


higher than the spinal cord are not requisite to these forms of canine 
tetany. 

Neither the effects of tetany on conduction through the central 
nervous system itself, nor the nature of the circulatory changes acting 
peripherally, have been studied. 


The “ final common point” in muscle excitation. -If the foregoing 
interpretation of the neuromuscular mechanism of tetany be accepted, 
this disease draws attention to an interplay of nervous and circulatory 
factors to produce effects at what might be called a “ final common 
point” of synthesis of influences affecting muscular contraction. Other 
examples of the twin importance of circulatory and nervous factors in 
affecting this final point of stimulation of muscle are the actions of 
circulating drugs in enhancing, depressing or modifying the effects of 
nervous stimulation (e.g. the selective peripheral actions of curare [12] 
and physostigmine [13]) on the one hand, and,*on the other, the effect 
of denervation on the response of muscle to drugs (e.g. acetyl choline [14}). 

Diseases other than tetany, in which altered circulatory states might 
diminish or increase the effect of nervous stimulation of muscles, are 
not discussed in this paper. 


I am indebted to Mrs. Creed, Dr. Carmichael and Mr. G. Phillips 
for technical assistance in several of the surgical operations, and to 
Sir Charles Sherrington for a demonstration of the technique of 
de-afferentation. 
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LOCALIZATION OF THE SLEEP MECHANISM. 
BY STUART N. ROWE, 
Philadelphia. 


(From the Neuro-surgical Service and Neuro-pathological Laboratory of the Oniversity, 
Hospital, Philadelphia.) 


~~ 


INTRODUCTION. 


Taa value of hypersomnolence as a localizing symptom is still 
somewhat uncertain. The determination of this point, as well as the 
understanding of the mechanism of pathological and normal sleep, 
may obviously be greatly furthered by the investigation of cases of 
brain tumour associated with disturbances of the sleep rhythm. , For 
these reasons the present clinico-pathological study of three cases of 
diencephalic tumour has been undertaken. In two of these hyper- 
somnolence was & prominent clinical feature, while the third, in which 
there was no sleep disturbance, is included for pae poea of control and 
comparison. 

To provide a basis for the evaluation and discussion of the cases a 
brief review of some of the concepts of normal and pathological sleep 
and of the evidence .upon which these concepts are based seems 
advisable. 

NORMAL SLEEP. 


Normal sleep, Kleitman [1] believes, is characterized by three 
criteria: (1) a loss of critical reactivity to events in the environment, 
(2) an increased threshold of general sensibility and reflex irritability, 
and (38) an ability of being aroused or brought back to wakefulness. 
Trémner [2] defines sleep as a primitive, periodic, instinctive life pro- 
cess which can be aroused by many different means, and which serves 
to rest the cerebrum while permitting bodily regeneration and growth. 
Pette r3, 4] regards the sleep-wake rhythm as an elementary vegetative 
process necessary to life and similar to temperature regulation or water 
metabolism. All writers agree that the exact nature of the sleep 
process is still unknown, but certain characteristics of normal sleep 


1 Read in abstract before the Philadelphia. Neurological Society, April 27, 1984. 
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have been observed and form jn part the basis for such definitions as 
are given above. ° It Nds been pointed out (Trémner [2]) that the 
phenomena occurring during ‘sleep may be grouped as follows: (1) 
autonemic effects, such as a slight rise of temperature, lowering of 
blood-pressure, sweating, slowing of the pulse, lowering of the 
metabolic rate: (2) “agtive ” qr stimulatory effects, including myosis, 
changes in the position of.the eves, yawning; (8) inhibitory effects, 
particularly mental and emotional inhibition, and the slowing of some 
ofthe secretory activities; and (4) dissociation effects, such ias dreams, 
and the changes associated with partial awakening. It is well estab- 
lished that ‘sleep is influenced by a great variety of factors, including 
afferent exogenous stimuli, cortical processes, endocrine changes and. 
activity of the autonomic system. On the basis of such knowledge it 
has seemed probable to many writers that a central control for the 
sleep-wake rhythm exists, and from the apparent similarity of the 
process to known vegetative functions which are closely related to the 
interbrain if has seemed reasonable to many to postulate a sleep centre 
in the diencephalon. 

Finally, experimental and clinical experiences have done much to 
confirm this conclusion reached on theoretical grounds. It has been 
shown by Karplus [5] that in decerebrate animals the normal sleep 
rhythm is preserved. Lesions of various types located in the 
diencephalon or mesencephalon has been found associated with hyper- 
somnolence. Experimental damage and experimental stimulation of 
portions of the interbrain have produced abnormal sleep states in 
animals. The rather localized effect of certain soporific drugs upon the 
interbrain has been demonstrated. These data, even though dealing 
with excessive sleep for the most part, have resulted in the obvious 
inference that any area controlling pathological somnolence must also 
play an important role in the normal sleep rhythm, and they conse- 
quently form an important part of our knowledge concerning sleep. 


REVIEW OF THE LITERATURE. 


A survey of the. previous reports related to sleep disturbances asso- 
ciated with cerebral lesions tends to be somewhat confusing, due largely 
to the rather wide disagreement as to the exact localization of the 
central sleep-controlling mechanism. It seems probable that some of 
the divergence of opinion may be the result of difficulties in the selec- 
tion of clinical cases of hypersomnolence. A truly hypersomnolent 
individual not only sleeps a greater portion of the twenty-four hours 
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than the average but falls asleep in the'presence of stimuli, such as 
conversation, reading and even eating, which “ordtharily maintain a 
waking state. Furthermore, the sleep is always characterized “by its- 
reversibility, i.e. the ability to be, arouged to a state of essefttially 
normal mental and physical capacity by stronger stimuli, such as 
calling by name, shaking, or questions. .As a further explanation of the 
differing opinions of various workers there are certain additional factors 
inherent in the different approaches to the problem. Following a 
survey of the evidence relating to hypersomnolence these may be con- 
sidered in presenting a brief summary of the previous worsson the 
subject, 

It is convenient to consider the work of other writers in three 
groups, based upon the type of pathology involved: (1) inflammatory, 
(2) neoplastic, and (3) experimental lesions. Tt is true that traumatic, 
degenerative and vascular changes associated with hypersomnolence 
have been reported (Stertz [6]), but since none of this group of cases 
has been of importance in the closer localization of the sleep mechanism, 
- they will not be considered here. 

(1) Inflammatory lesions of the brain associated with hypersomno- 
lence.—Mauthner [7] (1890) was among the first to suggest that the 
diencephalon exerted a control over sleep, this cogclusion being based 
upon his observation that the majority of the pathological changes in 
the brain of an encephalitic patient who had shown hypersomnolence 
lay in the interbrain. Similar studies on many more cases, seen in the 
early years of this century and subsequent to the influenza epidemics of 
1918 and 1920, led Economo [8] to essentially the same conclusion, 
He went further however and postulated a central sleep mechanism 
occupying the gray matter about the caudal portion of the third 
ventricle and the rostral end of the aqueduct, lying close to the nucteus 
for the third nerve ; he emphasized the frequency with which sleep dis- 
turbances and abnormalities of the oculomotor nerve form the principal 
symptoms of epidemic encephalitis. 

In addition to these studies of encephalitis a number of reports of 
purulent collections and of meningitis have appeared. Luksch [9] 
(1924) tended to confirm the opinions of Economo, in reporting a case 
of subacute bacterial endocarditis with hypersomnolence, in which 
autopsy revealed a suppurative lesion involving the posterior portion of 
the third ventricle and its walls, and the structures about the upper end 
of the aqueduct. In the same year Adler [10] found multiple abscesses 
in the hypothalamus and the periventricular gray matter around the 
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third. ventricle in a very similar case. Other areas of the interbrain 
were implicated, Rowever, by Hirsh’ [11, 12] (1924, 1928), who found, 
in studying four cases with sleep distutbances, lesions between the 
anterior, and posterior comfmjssures in one, in the pulvinar near the 
posterior commissure in two, and in the dorSal gray matter of the rostral 
portion of the aqueduct in afoyrth. Still another region of the inter- 
brain apparently related to hypersomnolence was described by Marinesco 
and his associates [13] (1928), who reported upon two patients suffering 
with tubetculous meningitis who showed excessive sleep. Subsequent 
pathological observations showed the tubo-infundibular region to be 
badly damaged—in part as the result of interference with its blood 
supply. 

(2). Cerebral — associated with lhypersomnolence. — Since 
Sinkler [14], in 1893, described a case of brain tumour involving the 
diencephalon in which hypersomnolence was a prominent symptom 
many similar reports (references [15] to [29] inclusive) have appeared in 
the literature. The early papers, based usually upon cases in which 
rather large tumours were found, are marred by the absence of ‘careful . 
description of the exact location of the lesions. Soca [15], in 1900, 
noted .\hypersomnolence in & case with a tumour in the infundibular 
region. On the other hand, Salmon [16] (1906) believed that the 
destructjon of the hypophysis, or of the infundibular stalk or its con- 
nexions, was responsible for the appearance of pathological sleep in cases 
he observed. Other evidence seemed to point not to a single diencephalic 
area, but to the entire interbrain. François and Vernier [17] (1919) 
for example, observed a woman of 38 who suffered with marked somno- 
lence for four months prior to her death. Autopsy revealed a large 
tumour, apparently originating from the base of the brain between the 
chiasm and the cerebral peduncles and growing upward to the corpus 
callosum, and lateralward to include the entire diencephalon and reach 
the lateral ventiicles. “Weisenberg [18] (1911), in reviewing all the 
reported cases of tumour arising within the third ventricle, = four 
in which sorhnolence was a prominent symptom. 

Fulton and Bailéy [19] (1929) reported an unusual and — 
case. A woman of 28, who had had attacks of drowsiness for four or 
five years, was found at necropsy to have a small tumour (2 by 1'5 cm.) 
in the floor of the third ventricle involving the infundibulum at its 
dorsal end, almost the entire tuber cinereum and the mammillary bodies, 
but not encroaching upon the veniricular system sufficiently to cause 
intracranial hypertension. In three additional cases with hypersomno- 
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lence they found in one a small gelatinous cyst (17 mm. in diameter) 
attached to the roof of the third ventritle and lying within it; in another 
a solid tumour filling the venfricle, and “in the third a very widespread 
pinealoma involving practically the eptire giencephalon. In view of the 
varied nature of their cases as well as those in the literature these 
authors did not feel that it was possible .to speak of a sharply localized 
sleep centre in the diencephalon, in spite of the clear-cut cljnical picture 
and the sharply localized infundibular, tuber and mammillary lesion in 
their first case. e 

Additional evidence concerning the importance of variousehypo- 
thalamic areas was furnished by the work of Marinesco afd his 
associates [18,20]. In 1929-these workers reported a comparative 
study of two cases with marked internal hydrocephalus, dilatation of 
the third ventricle and consequent lesions in the floor of the ventricle. 
In one of these the changes occurred in the right retro-thalamic region, 
beneath the corpus callosum and limbic convolution above, the cerebral 
peduncles in front, and extended into the cephalic portion of the mesen- 
cephalon where the gray matter surrounding the aqueduct was involved 
and the iter completely occluded. This patient showed marked hyper- 
somnolence. The control case showed at autopsy a large tumour of the 
left cerebellar hemisphere and the vermis, with occlnsion of the fourth 
ventricle, hydrocephalus with damage to the infundibular area, but no 
changes around the aqueduct. Asa result of the study of these cases, 
and those of meningitis described above, this group of workers concluded 
that the sleep mechanism consists of a series of connected centres 
beginning in the infundibular region and extending caudally into the 
upper portion of the mesencephalon. They suggested also that damage 
to a portion of this series might be compensated for by the remainder 
of it. ° 

Hechst [21] (1929) was to a considerable extent in agreement with 
this opinion, and concluded, after a careful clinico-pathological study of 
four cases of diencephalic tumour associated with hypersomnolence, 
that the medial portion of the thalamus and the gray matter around 
the caudal part of the third ventricle and the rostral énd of the aqueduct 
play about equal roles in the sleep mechanism. Since the tumour in 
one of his cases occupied only the left thalamus, Hechst believed that 
hypersomnolence can result from unilateral lesions. ` - 

-In his: two reports of seven cases with interbrain tumour Weisz 
[22, 23] made one of the most important recent contributions to the 
study of sleep. Like Hechst and Marinesco his conclusions as to the 
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exact location of a central T mechanism were guarded. ' ' From the 
çlinical standpoint he felt that no f#yndrome of the third ventnicle region 
could” be drawn up, but he was impressed by the hypersomnolence 
present in all of his cases. “Qn the basis of the study of serial sections 
of the diencephalon in six instances, he stated that no closely localized 
centre for sleep can yet be postulated, although his evidence suggested 
that lesions ig the rostral portion of the hypothalamus near the tuber 
cinereum were most important in the production of sleep disturbances. 
This author also pointed out that vascular disturbances beyond the 
limits of the tumour proper may be responsible for the hypersomnolence. 

(3) Experimental studies—The experimental production of sleep 
has been carried out both by stimulation-and destruction of diencephalic 
tissue. Hess [80, 81], in 1927, using a very light electrical stimulus, 
was able to produce sleep in animals when he stimulated the peri- 
ventricular gray matter near the massa intermedia and near the cephalic 
portion of the aqueduct, and the head of the caudate nucleus. He 
noted that the stimulation of the more ventral portion of the peri- 
ventricular gray matter resulted in deeper sleep, and that the more 
lateral irritation resulted in sleep coming on some moments after the 
cessation of the stimulus. 

Spiegel and Ingba [82, 33] on the other hand obtained similar 
results.by introducing needles into the thalamus bilaterally. Puncture 
of the periventricular gray matter did not produce sleep in their animals. 

A third method of approach to the question was used 'by Beattie, 
Brow, and Long [34]. In studying the cerebral autonomic connections 
these workers were able to produce sleep in cats by making a cut 
(1 by 4 cm.) from the anterior edge of the colliculi to the posterior 
edge of the pituitary fossa. These animals showed hypersomnolence 
after operation, as well as hypopyrexia, glycosuria, polyuria, albuminuria 
and contracted pupils. | 

In 1927 a new line of experimental attack on the problem was 
described by Demole [85]. He found that the injection of certain 
solutions, particularly calcium chloride, into the infundibular region in 
cats produced a characteristic sleeping state for varying periods of time. 
Potassium chloride had an opposite exciting .etfect, which could be to 
some degree inhibited by the later injection of tae calcium salt. Similar 
changes, although more slowly produced, followed the intraventricular 
or intracisternal injections of these solutions. A number of later 
workers, including Cloetta and Fischer [36], LaFora [37], and Marinesco 
[38, 39|, have confirmed the results obtained by’ Demole from intra- 
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cerebral injections. Marinesco ang his group of workers summarized 
the results of their very extensive” experimental studies as follows: 
(1) Puncture 'of the wall of the third ventricle of the cat produces a ° 
true sleep which is reversible. (2) The intsacerebral injection of eicium 
chloride into the diencephalon favours sleep; potassium chloride injec- 
tion inhibits sleep. (8) Polarization of.the infandibular region, using 
the cathode polarization, inhibits sleep.» (4) The intraventricular 
injection of calcium chloride results in sleep. (5) Intracerebral injec- 
tion of choline, and sometimes potassium chloride, produce sleep whith 
is preceded by agitation and muscular hyperactiyity. (6) In at cases 
of experimental sleep in animals lesions were — found in the 
lateral walls of the third ventricle. 

Keeser and Keeser [40, 41] were able to ee in a slightly 
different way the theory of the importance of the action of certain 
chemicals upon the diencephalon in producing sleep. They succeeded 
in combining barbituric acid derivatives and ferric chloride and admin- 
istering them:to animals in large doses. The animals exhibited the 
usual soporific effects of the barbiturates and were then killed. Upon 
staining sections of the hardened brains with potassium-ferrocyanide 
the presence of the greater portion of the barbituric acid derivatives in 
the interbrain was clearly demonstrated, and suggested strongly that 
this was the site of action of the drug in producing sleep. ° 

A final piece of evidence favouring a chemical or hormonal change 
in the sleep state was furnished by Kroll [42]. He found that acetone 
extracts of brains of sleeping animals produced characteristic sleep 
states when injected intracisternally or intravenously in cats. Whether 
the original sleep was produced artificially by any of the known methods 
or resulted sponanteously or from hibernation made no difference in 
the results. ' ° 

To condense and clarify the data presented in this survey of the 
evidence related to a central sleep mechanism a brief summary is 
helpful. At the same time some of the difficulties involved in each 
method of: attack on the problem may be mentioned. 

(I) Studies based on inflammatory lesions—Based chiefly upon 
cases of encephalitis, but also upon instances of embolic abscesses and 
meningitis, it has been suggested that the sleep mechanism is to be 
found : (1) in the periventricular gray matter of the third ventricle, 
(2) in the caudal portion of the hypothalamus and the cephalic end of 
the mesencephalon, (3) in the dorsal gray matter over the cephalic end 
of the aqueduct, (4) in the thalamus, and (5) in the region of the 
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infandibulum and tuber cinezeum. , These data are open to several 
cpmments. The fesiohs ‘are in all‘cases widespread, and the assumption 
that one involved area rather than any other is responsible for the 
prodittion of sleep disturbayces ig dangerous. The psychic changes 
and the general toxic effects which are present in some instances (as in 
cases of subacute bacterial endocarditis, or in meningitis) may con- 
siderably confuse the clinical picture. It should be noted also that in 
epidemic encephalitis not only does hypersomnolence occur, but inver- 
siôn of the sleep rhythm, insomnia and dissociation of mental and 
bodily eleep (Economo). The absence of these symptoms in cases in 
which dther lesions involve the same areas suggests that these particular 
sleep disturbances may be related to the character of the lesion as well 
as its location. 

(2) Studies based upon brain tumours.—The many reports of brain 
tumour cases’ indicate that the sleep mechanism may be localized 
variously in: (1) the thalamus; (2) the hypophysis; (8) the infundibular 
region ; (4) the caudal portion of the hypothalamus; (5) the cephalic 
end of the mesencephalon; (6) a chain of centres extending from the 
infundibular region caudally through the hypothalamus to the aqueduct. 
The most important failing of this body of evidence is the’ paucity of 
presentations includjng careful localization of the lesion. On several of 
the more complete reports certain other comments may be made. In 
considering the work of Weisz, for example, one is impressed by the 
large size of the lesions found. In three instances the tumour occupied 
the greater part of one hemisphere, and in three cases there. was exten- 
sive hamorrhage in and about the tumour. In the presence of such 
widespread disease one may question again the propriety of the study of 
only the hypothalamus on the assumption that the damage to this area 
ig xesponsible for the sleep disturbances noted. In many reports the 
possible effects of increased intracranial pressure or very marked hydro- 
cephalus may impair the validity of the conclusions. A striking excep- 
tion is the case of Fulton and Bailey, where the clinical picture was 
Very definite, the pathological study was complete, and the lesion was 
small and did not obstruct the ventricular system. This tumour occupied 
the infundibular region and the tuber cinereum, and encronenee on the 
mammillary bodies. 

(3) Experimental studves.—Curiously enough, experimental studies 
have led to more confusing results than the clinical reports. The 
evidence at hand suggests localization of a sleep-controlling area in: 


- (1) The infundibular region; (2) the periventricular gray matter of the 
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third ventricle : (3) the thalamus ; {4) the cephalic portion of the mesen- 
cephalon; and (5) the head of the cdndate nucléus. © The inconclusive 
nature of this work may be due in part to the difficulty of interpreting ” 
the clinical picture in animals. *It is interesting to note, for example, 
that an attack of sleep is produced in axperimentgl-animals by a lesion 
or stimulus—a state of recurring hypersomnolence such as is found in 
humans not having been reported. It is evident, too, that to produce a 
lesion in any subcortical area the brain tissue intervening between this 
area and the surface must be to some extent injured. Marinesco has 
suggested that the production of large experimental lesions ma} cause 
sufficient stupor from operative shock as to obscure a brief period of 
somnolence. 





Fra. 1.—Diagrammatic representation of the areas which are olosely related to sleep 
disturbances, as evidenced by the studies in the literature. 1, The infundibular and tuber 
region ; 2, the gray matter around the rostral end of the aqueduot ; 8, the periventrioular 
gray matter of the third ventricle ; 4 the thalami. 


Considering, then, the previously reported, work relating to the 
localization of the sleep mechanism in the light of certain difficulties 
and possible sources of error, one may say that there is considerable 
reliable evidence favouring four areas in the diencephalon as being 
important in the production of hypersomnolence (fig. 1): (1) the infun- 
dibular and tuber region (supported by the cases of Fulton and Bailey, 
and Weisz); (2) the periventricular gray matter (supported by the 
experimental work of Hess and Marinesco chiefly); (8) the gray matter 
surrounding the cephalic portion of the aqueduct (supported by Economo’s 
studies); and (4) the medial portion of both thalami (supported by the 
experiments of Spiegal and Inaba). 
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MATERIALS AU METHODS. 


e The pathological studies i in the three cases reported — were carried 

out in the following mannew Fixation was in formalin. Blocks of the 
tissue Were cut to include the tumotr and surrounding structures; these 
were imbedded in celloidin andecut in serial sections. Alternate fifth 
sections were stained Yy means*of Weil and by hematoxylin eosin. 

In any discussion of thé diencephalon the variations in anatomical 
nomenclaéure tend tocause confusion. Inthe present report the simpler 
classifications of thalamic and hypothalamic structures have, been given 
preference, in part because of the difficulty in recognizing the smaller 
nuclear groups without special stains, and in part because of the lack 
of evidence that the many minute morphological nuclei which have been 
described by some authors have any functional or physiological identity 
as units. Accordingly the terminology of LeGros Clark [43] has 
been used in describing the thalamic.lesions and the descriptions of 
Malone (44, 45] are followed in referring to the hypothalamic nuclei. 
For reference purposes several anatomical studies of other authors 
(references [46 to 52] inclusive) have been included in the bibliography. 


CASE REPORTS. 


Case 1 (file numer 24818). Htstory—E. G., a 47-year-old! miner, had 
been enfirely symptom free until sixteen days before his admission: Two days 
previous to the onset he was struck on the head by a falling piece.of coal, but 
noted no immediate ill effects. His first symptoms—severe headaches, blurred 
vision and dizziness—all coming on in attacks of saveral hours’ duration two 
or three times daily, were sufficiently marked to neoassitate stopping work. 

Hight days prior to admission an attack of generalized tremor occurred, and 
on the same day mild mental changes, such as disorientation, impairment of 
memory .and possibly visual hallucinations developed. The past’ history and 
family history revealed nothing significant.. 

Ezamination.—lIt waseapparent that the patient was disoriented and could 
remember little of recent events. A generalized motor weakness and moderate 
ataxia of both upper and lower extremities were present. Examination of 
the cranial nerves showed a left external rectus palsy, bilateral choked dises 
and a diminution of hearing on the left. A left-sided Babinski reflex was 
noted. 

Sleep disturbance-—On examination the patient's hypersomnolence was 
striking. He could be aroused by calling his name, by repeated) commands, 
or by painful stimuli, but in the course of a few minutes would fall asleep 
again. 

Course. —Because of the clear-cut history of antecedent uima a chronic 
subdural hematoma was suspected, but when bilateral trephine openings failed 
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to disclose this a right temporo-parietg] bone flap was reflected. No tumour 
was seen in this area, and the discovery that the right? ventricle was very largo 
led to the suspicion of a deep-seated, midline lesion, and the wound was closed. 
The patient seemed profoundly shogked, even though loss of blood bad been 
slight and all intracranial hypertension had been relieved. He died four hours 
after operation. : e.” 

Gross pathology.—The external appearance of the brain was normal. On 
sectioning the specimen, however, a moderate degree of internal ‘hydrocephalus 
involving both lateral and the third ventricles was apparent. In he pineal 
recess lay a tumour mass measuring 2°5 by 1 cm., whioh extended anteriorly 
into the third ventricle, laterally into the thalami, and caudally to abeut the 
middle of the superior colliculi. Ventral to the lesion the roof structures of 





Fia. 2.--Case 1. The tumour is seen ocoupying the third ventricle, periventricular gray 
matter and the medial nuclei of both thalami, at the level of the caudal portion of the di- 
encephalon. The centre-median nucleus and the external geniculate body are prominant on 
the right. i 


the anterior end of the aqueduct were compressed and invaded. The tumour 
appeared to be infiltrative, showed a granular cut surface, and was somewhat 
softer than the surrounding brain. ; 

Microscopic pathology.—At the level of the oral end of the red nucleus the 
tumour could be seen projecting into the third ventricle, but not yet invading 
its walls. This invasion began in the immediately succeeding sections in the 
periventricular gray matter, the “centre median ” and ventral thalamic nuclei, 
and the thalamic fasciculus on the right. More caudally, in sections containing 
the oral end of the lateral geniculate body, the lesion enlarged to occupy a 
portion of the right dorsomedial, “ centre median,” and ventral nuclei, and a thin 
strip of periventricular gray and " centre median ” nucleus on the left. At the 
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level of the corpus Luysi the tungour appeared considerably larger and occupied 

g greater portion of the same thalanfic nuclei ps baforo. Ventrally, however, 

it did’not invade the red nucjeus or the arcuate nucleus, extending only into 
k I 
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Fra. 8.— Diagrams illustrating the positions of the lesions at four levels of the diencephalon 
in each of the three cases, A, Anterior thalamio nucleus. V, Ventral thalamio nucleus. 
L, Lateral thalamic nucleus. Dm, Dorso-medial nucleus. Om, Centre median nucleus. 
P, Pulvinar. Lg, Lateral geniculate body. — — 


the most dorsomedial of the fibres surrounding the red muscles Caudal to 
the corpus Luysi the tumour was almost symmetrical; it obliterated the third 
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ventricle, spread out to occupy most of, the “ pentre median,” three-fourths of 


the dorsomedial, and the medial extremity ‘of the ventral nudleus on both sides. 
‘Again the lesion remained dorsal to the red nucleus and its surrounding fibres. 


The fasciculus retroflexus was destyoyed bilatotally at this level. In the 
sections caudal to this point the ventral ‘portion of the habenula was involved 
on both sides as well as the medial aspect ofthe putamen’, but otherwise there 
was little change in the lesion. As the tumour deofeased in size it became 
more dorsal and disappeared soon after its invasioh of the posterior commissure. 

Summary of pathology.—Microscopic study ‘showed the tumour to be a 


glioblastoma multiforme, filling the caudal one-third of the third ventricle ari 


the pineal recess. The lesion began at the level of the rostral end of the red 
nucleus, and extended beyond the posterior commissure to invade the-rostral 
tip of the mesencephalon. Laterally the periventricular gray matter and 
the thalami were infiltrated bilaterally,- the dorsomedial nucleus being 
principally involved, with less invasion of the “ centre median” and the ventral 
nuclei. Farther caudally the pulvinar. and habenula- was infiltrated and 
compressed on both sides. Ventrally the lesion penetrated the-periventricular 
gray matter and reached the medial lemnisous bilaterally. The posterior 
commissure was infiltrated. l 

Case 2. History. ~J. O., aged 50, gave a history.of having been troubled 
first with persistent -hiccoughs for one week in 1928, again for one week in 
October, 1981, and finally almost constantly during the three weeks preceding 
his admission on December 18, 1931. During the months of November and 
December marked mental deterioration had occurred, the patient becoming 
confused, apathetic and unable to remember such simple facts as his age or the 
names of his friends and visitors. The past history and family history revealed 
nothing unusual, although an attack of influenza in 1926 was noted. 

Ezamination—The mental failure was’ marked. The patient was dis- 
oriented for time, depressed, apathetic and unable to perform even the simplest 
arithmetic. He could not remember the name of the President or the dis- 
coverer of America. He had forgotten his age, and could not recall what he 
had done a few minutes before. Neurological examinations were entirely 
negative at first, though later a slight exaggeration of the right tendon reflexes 
and some ataxia of the left arm were noted. Lumbarepuncture showed normal 
pressure and normal cerebrospinal fluid. 

Sleep disturbances.-Hiccoughs and hypersomnolence were the two most 
striking symptoms of this patient. He slept frequently during the day even 
at the time of admission, and these- periods of sleep became more frequent 
during his stay. He could be aroused readily by questions, noises or painful 
stimuli. 

Oourse.—The patient was thought to be suffering with epidemic encephalitis. 
In spite of a variety of therapeutic measures his hiccoughs continued, his 
mental state and hypersomnolence grew worse, and about one month after 
admission he grew stuporous and died from a terminal bronchopneumonia. 

Gross pathology.—In the left frontal lobe beginning at the genu of the 
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corpus callosum was found a tumour mass about 3 cm. in diameter, occupying 
chiefly the third frontal eonvoliition, ut spreading into the second frontal 
Pyruseand the operculum. In the right side another tumour occupied the 
head vf, the caudute nucleus, fausing a marked enlargement of this structure 
which Spread out into the vehtricuir cavity (right lateral ventricle). It 
extended backward, oecypying pallidum, putamen ard the entire right thalamus, 
and infiltrating all of the internal capsule except a small portion of the genu. 
Laterally it spread out to involve the claustrum and compress the external 
capsule, insula and temporal lobe, particularly the region of the hippocampus. 
Medially at the level of the beginning of the iter the lesion crossed to the left 
side and invaded the left thalamus and gray matter around the upper end of 
the aqueduct. Ventrally the right corpus subthalamicum was infiltrated and 
the right corpus mammillare was slightly enlarged. The red;nucleus and 
substantia nigra were nob invaded. The third ventricle was compressed and 
apparently entirely obliterated posteriorly by the tumour, and the right anterior 
horn was encroached upon. Both posterior horns of the lateral ventricles 
were distended. The corpus callosum was slightly thinner than normal. 

Microscopic pathology.—In the serial sections it was apparent that the 
two tumours described were connected and formed parts of one bilateral, very 
irregular and highly infiltrating tumour, which proved to be a glioblastoma 
multiforme. However, since the tumour mass on the left lay for the most 
part outside tho diencephalon, and was to a large extent a separate lesion, the 
description may be justifiably simplified by desoribing it briefly as a distinct 
neoplasm, ° 

The left-sided tumour appeared in the serial sections, which began at the 
level of the anterior commissure, in the cortex and subcortical ‘tissue of the 
frontal lobe and insula, and spread mesially to involve claustrum, external 
capsule, and the lateral border of internal capsule and putamen. i Ventrally it 
extended through the putamen to join the tumour tissue from the opposite 
hemisphere. In the succeeding sections this lesion grew smaller gradually and 
extended farther ventally to involve a portion of the temporal lobe. Caudal 
to the insula the tumour was considerably diminished in size and formed a 
natrow subcortical strip from the internal capsule above to the temporal cortex 
below. Slightly caudal, to the mammillary bodies the extension of the 
neoplasm, now a separate mass, could be seen in the globus pallidus, disap- 
pearing at. the level of the red nucleus. 

The dienéephalic tumour mass lay principally on the right, but throughout 
the sections was to some extent bilateral. At the level of the anterior com- 
missure it occupied the medial one-third of internal capsule, the entire pallidum 
and the ventral portion of putamen on the right. On the left the invasion wag 
less extensive but included periventricular gray matter, globus pallidus, anterior 
commissure and to a slight extent the internal capsule. At a level just rostral 
to the chiasma the medial portion of the anterior and ventral thalamic nuclei, 
the ventromedial one-third of internal capsule, almost the entire globus 
pallidus, and the medial border of the putamen were occupied by tumour on 


r 


LOCALIZATION OF THE SLEEP MECHANISM 35 


the right. The sublenticular area was infiltrated. Medially the tumour spread 
through the third ventricle (and its periventricular trey matter on both sides 
to involve the medial border of the thalainus, the internal capsule, ind a 
considerable portion of the globus pallidus on“the left. Between the uber 
cinereum and the mammillary bedies the right thalamus and hypothalamus were 
extensively damaged. The dorsomedial and anterior “nuclei were slightly 
infiltrated, the ventromedian half of ventral and a tmall portion of lateral 
nuclei, the internal capsule, all of the hypothalamus (including ne paraventricu- 
laris, n. supraopticus, and n. tuberis lateralis), and the dorsal portion of 
temporal lobe were occupied by tumour on the right side at this level. Tħe 
periventricular gray and most of the third ventricle were obliterated and the 
left dorsomedial and ventral nuclei, the medial extremity of internal capsule and 





Fig, 4.—Oase 3.-—-Saction through the oral tip of the left red nucleus showing the tumour 
growing from the medial portion of the right thalamus, and involving the periventricular 
gray matter and the medial thalamic nuclei on the left. i 


the medial half of pallidum were involved. N. paraventricularis and n. 
supraopticus were invaded slightly but not destroyed on the Jeft. In the 
sections through the mammillary bodies the tumour was somewhat smaller. 
The medial one-third of the right thalamus, including about this proportion of 
dorsomedial and ventral nuclei, was obliterated. More ventrally the periven- 
tricular gray matter, n. paraventricularis, field of Forel, zona incerta and the 
mammillo-thalamic tract were infiltrated. The dorsal portion of the mammillary 
nuclei and the n. tubero-mammillaris were invaded, but preserved relatively 
normal architecture. Spreading across the third ventricle the tumour involved 
a crescentio area ahout 1 to 5 mm. in width in the left ventricular wall, 
including the medial portion of dorsomedial and ventral.nuclei, the dorso- 
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medial border of mammillo-thalamic tract, the periventricular gray matter, and 
n. paraventriculari8. IA s8ctions through the rostral portion of the red nucleus 
he ttimour was still smaller; it occupied a small portion of’ dorsomedial 
nuclans, all of “ centre median” nucleus apd the medial third of ventral nucleus 
on the right. Ventrally it invaded the field of Forel, zona incerta and the 
dorsal border of body*of Luys, but did not involve the red nucleus. The 
extension across the nfidline lay in the periventricular gray matter, most of 
the “centre median” nucleug, the medial portion of dorsomedial and ventral 
nuclei. Phe tumour here lay entirely dorsal to the field of Forel. Caudal to 
tħis level the neoplasm diminished rapidly in size, lying in the dorsomedial 
(right),and “centre median ” nuclei (bilateral), until its disappearance at the 
level of the external geniculate body. 
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Fie. 5.—Oase 8. -Bection at the level of the oral end of the red nuclei, the tumour being 
seen in the medial half of the left thalamus (the section is viewed from the front so that the 
left thalamus is seen on the right) and filling the third ventricle almost completely. There 
is some compression but only very slight infiltration of the right thalamus. 


, Summary of pathology.—The irregularly shaped, highly infiltrating glio- 
blastoma multiforme seen in the sections of this case consisted of two con- 
nected, roughly spindle-shaped masses of tumour. One lay superficially in the 
left hemisphere, extending from the second frontal convolution at the level of 
the genu of the corpus callosum through the insula (where it formed a band of 
tumour bordered dorsally by the internal capsule and ventrally by the temporal 
cortex) and globus pallidus, to end at the level of the red nucleus: The other, 
beginning chiefly in the head of the right caudate nucleus, but lying so near 
the midline as so involve the medial portion of both hemispheres throughout 
its length, extended through the medial portion of right pallidum, internal 
capsule, thalamus and hypothalamus to end at the level of the red nucleus 
and the external geniculate body. The third ventricle and medial portion of 
the left thalamus were involved between the same levels (figs. 2 and 4). 

Case 8 (file number 27875).—This case is included for the purpose of control 
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and comparison, disturbances of sleep being entirely absent -despite the 
presence of a diencephalic tumour. Atscordingly’ the cfinical history and 
details of the lesion will be omitted. a 3 . 
Summary of pathology—Study gf the brain‘in this case showed a spindle- 
shaped astrocytoma occupying*the left diencephalon, extending from the level 
of the anteriòr columns of the fornix to the rostral portion of mesencephalon. 
Beginning in the wall of the ‘left lateral ventricle the fumour lay chiefly in the 
third ventricle and dorsomedial part of the leff thalamus, incleding anterior, 
ventral, dorsomedial, “centre median,” and æ portion of lateral nycleus, the 
ventromedial part of pulvinar and the habenula. It crossed the ventricle*to 
invade periventricular gray matter and at some levels a narrow strip ob dorso- 
medial and ‘‘ centre median ” nuclei of the right thalamus. The left mammillo- 
thalamic tract, left fasciculus retroflexus and the posterior commissure were 
interrupted by tumour. At no point was the hypothalamus invaded (figs. 2 
and 5). j l i 


DISOUSSION. 


(1) Summary of cases.—It is apparent from the microscopical study 
of the serial sections of Cases 1 and 2, that the areas involved in both 
instances consist essentially of (1) the periventricular gray system and 
the small medially-placed nuclei; (2) the dorsomedial nucleus; and 
(3) the ‘‘ centre median ” nucleus on both sides of the mid-line. The 
actual boundaries of the tumours, of course, did mot coincide exactly 
with nuclear limits, but the portions of anterior and ventral nuelei and 
pulvinar which were bilaterally. involved in both cases were so small 
that they may justifiably be omitted from the discussion. Further- 
more, bilateral injury to the pulvinar occurred in the control case without 
the symptom of hypersomnolence. ~ 

It is important and interesting to note that the hypothalamus was 
to a considerable extent uninjured in the first two cases. The nucleus 
paraventricularis was involved in both, and the rostral portion of ethe 
n. supraopticus, the n. tuberis lateralis, and „the dorsal part of the 
mammillary and tubero-mammillary nuclei were destroyed unilaterally 
in Case 2. Finally, the termination of the tumour within the diencephalon 
in the cases with hypersomnolence as compared to its extension into the 
midbrain in Case 3.deserves mention. 

(2) The problem of a sleep centre.—As Troemner [2] has pointed out 
the three great questions concerning sleep are (1) the nature of sleep; 
(2) the question of the existence of a sleep centre; and (8) the location 
of such a centre if it exists. Leaving aside the other two questions for 
a moment the possibilities of the existence of an area in the central 
nervous system controlling the sleep rhythm may be considered. At 
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first glance the association of hypersomnolence with a relatively small 
diencephalic or mesentephalic lesion would seem to be strong evidence 
for such a centre. There aye several arguments against such a conclu- 
tion, however. First, the entire theery of extreme localization of cerebral 
function has been to some extent unsettled by recent work. Secondly, 
there is still no conclasive proof of the existence of strictly localized 
centres in the diencephalon for other processes which are at least 
approximately comparable to sleep——vascular control, respiratory control, 
w&ter metabolism, or temperature control. While general areas which 
are apparently essentiql to the maintenance of these functions are known, 
the assignment of any one function to a particular nuclear mass is not 
supported by the evidence at hand. Finally, and not the least in 
importance, there remains the fact that postulation of.a sleep centre in 
any one small area leaves unexplained the hypersomnolence associated 
with lesions in other positions. 

(8) Structure and connections of the areas involved in the reported 
cases.—lf no sleep or waking centre may be postulated, what explana- 
tion can be offered to explain the clinical and experimental data dealing 
with the problem? Inan attempt to attack this question from another 
angle the physiology and anatomy of the areas involved in Cases 1 and 2 
may be reviewed. These areas it will be remembered were; principally 
(i) the -periventricular system and the centrally placed nuclei; (ii) the 
“centre median” nucleus; and (iii) the’ dorsomedial nucleus. 

(i) The periventricular system. Clark [43] presents concisely the 
phylogenetic knowledge of this structure. ‘‘In all vertebrates, the 
dorsal part of the diencephalon and the hypothalamus are linked together 
by a strand of cells and fibres which form what may be called the peri- 
ventricular system. In the cyclostome brain this primitivelconnecting 
link is apparent as a narrow band lying vertically in the lateral wall of 
the third ventricle and gonnecting the habenula with the hypothalamus. 
Through this periventricular system the somatic correlation centres 
of the diencephalon are brought into functional relation with the visceral 
correlation centres.” Similarly Rioch [53] noted in the cat and dog that 
the fibres of the periventricular system connect the nuclei of the medial 
preoptic areas and hypothalmus with the nuclei of the medial thalamic 
group, and Huber and Crosby [54] arrived at the same conclusion. 

The mid-line nuclei, while probably playing a less important role in 
man, have been shown definitely in many lower forms (Gurdjian [55], 
Vogt [56]; Clark [43], Rioch [53]) to function not only as commissural 
nuclei, but in connecting the dorsal and central thalamic centres through 
the periventricular system. 
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' (ii) The centre median nucleus. Op the basis of comparative 
anatomical studies Clark believed the ™ centre meflian” nucleus functions 
as a connecting and correlating mechanism gor other thalamic elements. 
Rioch [57] has presented evidente of a similar character which sufgests 
that this nucleus represents the elaboration of ap interstitial group of 
cells and belongs neither to the medial nor to éhe ventral group in a 
strict sense. Finally, Clark and — [58] have shown experi- 
mentally (by degeneration studies) that the “ centre median” pucleus is 
connected by short tracts with the surrounding thalamic nuclei ahd 
the periventricular system. ° 

(ili) The dorsomedial nucleus. It seems paisible that this nucleu 
is not present, or at least not important, in submammalian forms, and 
‘Clark has pointed out that its development in the mammals parallels 
the increasing size and complexity of the forebrain. This is quite in 
keeping with the good evidence which he has presented that the dorso- 
medial nucleus is closely connected with the frontal cortex by both 
afferent and efferent fibres. It is also known to be linked with the 
other thalamic nuclei, with the striate body, and particularly with the 
periventricular gray system. 

Conclusions regarding the localisation of the sleep mechanism. From 
this brief review of the structure and connections of the dorsomedial 
and “‘centre median” nuclei and the periventricular system itis safe 
to assume that these structures serve as important correlating mechanisms 
and connecting links between the cortex and thalamus on the one hand 
and hypothalamus on the other. Furthermore, it has been shown by 
Beattie, Brow and Long [ 384, 59, 60] that there are doubtless connec- ` 
tions between the hypothalamus ane mesencephalon and possibly pons 
and medulla. ` 

When we consider then the present anatomical and physiological 
knowledge of the areas involved in the cases showing hypersomnolence 
which were studied, and the accumulated evidence of other similar _ 
studies, it seems probable that the sleep-rhythm is controlled by a 
relatively wide area: (perhaps located in the medial portion of the 
thalamus) acting as a correlating centre for many. cortical, endocrine 
and exogenous stimuli, and closely bound up with a cortico-thalamico- 
periventricular-hypothalamico-mesencephalic chain. Since the lesions 
which have been known to be associated with hypersomnolence have all 
been located somewhere in this chain of closely connected ‘structures it 
seems reasonable to believe that the interruption of afferent or efferent 
impulses to such a central mechanism may also cause disturbance of 
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sleep. From our present conception of its structure it is much easier 
to regard the gra} matktér surrourfding the third ventricle, or about the 
rostral end of the aquedugf, for example, as transmitting important 
affereng or efferent impulses goncernedewith sleep, than as a static centre 
controlling such a; complex function. The direction of the nerve impulses 
in such a chain, its relation to the central part of the autonomic system, 

why its interguption shouldeseem to cause hyposomnolence, rather than 
insomnia, whether its destruction cuts off inhibitory or stimulatory 
impulses, whether this chain represents part of only one of two balanced 
mechanisms: all these remain problems for future solution. For the 
present, however, the conception of the central control of the sleep-wake 
rhythm as a rather diffuse correlation mechanism which is dependent for 
its normal function upon the integrity of a thalamico-periventricular- 
hypothalamico-mesencephalic chain of neurones, seems best to explain 
our-clinical, experimental and physiological data. 

There remains the consideration of Case 3. Here the lesion involved 
all of the areas destroyed in the first two cases, but almost entirely unilater- 
ally. While the tumour did fill most of the third ventricle and invaded 
the periventricular gray matter and medial portion of the opposite side 
in places, it penetrated toa depth of only 1 to 2 mm., except in its caudal 
extremity which damaged the right pulvinar slightly more extensively. 
In a careful comparison with the other cases the most logical explana- 
tion of the absence of hypersomnolence in this instance seems to be the 
unilateral position of the tumour. 

The evidence relating to this point is somewhat nein: Almost 
all of the carefully studied cases of tumour associated with hypersomno- 
lence produced bilateral disturbances. Spiegel and Inaba could produce 
hypersömnolence in animals only by bilateral thalamic lesions. On the 
other hand, Hechst has reported the occurrence of excessive sleep in a 
patient who was found at autopsy to have a tumour involving only one 
side of the diencephalon. ‘There is as yet no available explanation of 
this contradiction, but in the cases of this series bilaterality seemed a 
prerequisite to the production of hypersomnolence. 


SUMMARY. 


(1) A survey of the literature dealing with lesions of the interbrain 
associated with hypersomnolence shows: (i) The evidence favouring 
various localizations of the sleep mechanism in the diencephalon is 
inconclusive and not entirely satisfactory. (ii) The relatively small 
number of careful clinico-pathological and experimental studies suggest 
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that hypersomnolence may be caused by lesions in: (a) the infundibular 
region ; (b), the periventricular gray ‘matter ; ; (c) the region abopt the 
cephalic end of the aqueduct; (d) the thalatnus (if involved laterally). 

(2) A’ careful clinico-pathologicak stud¢ of three cases‘ of rélatively 
small tumour of the diencephalon, two associated with marked hyper- 
somnolence, and one showing no sleep disturbance, suggests that in 
these cases bilateral damage to (1) the forsomedial nticleus of the 
thalamus, (2) the “centre median” thalamic nucleus, and (3)the peri- 
ventricular system and mid-line nuclei, was responsible for the alteration 
of the sleep rhythm. . j 

(3) On the basis of the cases studied, the present anatomical and 
physiological knowledge of the diencephalon and the accumulated 
evidence in the literature, it is suggested that disturbances of sleep 
result from lesions of & rather diffuse central correlating mechanism, 
which may lie in the medial thalamic nuclei, or from the interruption 
of a thalamico-periventricular-hypothalamico-mesencephalic chain of 
neurones conducting impulses to or from such & mechanism. 
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THE CEREBRAL, BLOOD FLOW DURING SLEEP IN 
N |. MAN 
BY F. A. GIBBS, E. L. GIBBS AND W. Q. LENNOX, 


Tyar sleep is produced by changes in cerebral blood flow is a theory 
which.in past years Has had wide support. Mosso [1], in 1881, believed 
there was cerebral ansmia during sleep because of observations made 
with a tambour placed over the skull defect of a patient.. The anæmic 
theory of sleep:has been supported by various physiologists, including 
Léonard Hill, who wrote ‘‘there can be no doubt that sleep or lethargy 
is associated with cerebral anæmia °” [2]. Others have believed that 
sleep was caused by. cerebral congestion. One of the latest contributions 
is that of Stevenson, Christensen and Wortis [8]. These authors 
observed increase in intracranial pressure (registered by means of a 
tambour placed over a defect in the skull) which they interpreted as 
evidence of fatigue of the sympathetic centre,controlling the tone of 
cerebral vessels. This resulted, they suggested, in dilatation of the 
cerebral vessels, giving the increase in pressure and a pulling apart of 
the neurons with interruption of nervous activity. 

Although the theory of a vascular explanation of sleep is not 
emphasized to-day, it is still listed as a possible cause [4] and no direct 
evidence has been brought forward to disprove it. This, of course, is 
because observations of cerebral blood flow in man have been indirect,. 
deductions being drawn from changes in intracranial pressure or changes 
in systemic blood-pressure or in the blood-flow elsewhere in the body. 
By means of a method recently devised we have found it possible to 
obtain direct evidence of cerebral blood-flow with reference to sleep. 

Record? were made of the changes occurring in the blood-flow 
through an internal jugular vein of anssthetized patients. The instru- 
ment used was a needle flow recorder of a type which one of us has 
previously described [5]. It consists essentially of a stiles with an 
electrically heated tip. This stilet is inserted through a hollow needle 
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into the lumen of an internal jugular vein. ‘A constant electric current 
is applied to the tip of the stilet suffidien? to Heat it to a temperaturo 
slightly higher than that of the blood. ` Ags the blood flows past the 
heated tip it is cooled. When ¢he,blood, flows more rapidly h8 tip 
becomes cooler, and when the blood flows more slowly the tip becomes 
warmer. The temperature of the tip is measured by means of thermo- 
Junctions in series with a galvanometer. dn order that.a change in 
body temperature should not be misinterpreted as a change in flow, the 
cold junction is mounted on the stilet behind the hot junction; it thén 
becomes possible to measure not the absolute temperature of the tip, but 
the difference in temperature between the heated tip and the body of the 
stilet. This difference in temperature varies only slightly with changes 
in body temperature, but greatly with changes in blood-flow. 

The instrument records changes in the velocity of the surrounding 
stream. If the cross section area of the stream remains constant, 
changes in velocity may be interpreted as changes in volume flow. We 
. punctured the internal jugular vein close to its point of exit from the 
skull, a situation where fluctuations in calibre would not be expected to 
occur, for where the vessel pierces the skull it has an essentially rigid 
wall. We believe, therefore, that any observed changes in velocity 
can be interpreted as changes in volume flow, and where no such changes 
occurred the volume flow remained constant. 

In our experiments the patient lay quietly on a table. Records of 
the blood-flow and of respiration were taken continuously for a period 
of from one to two hours. In four instances records were obtained 
covering periods in which the subjects (epileptic patients who had no 
disorder of sleep) went to sleep. In no case was there evidence of a 
significant change in cerebral blood flow either when the patient fell 
asleep or when he awoke. During calm sleep the cerebral blood flew 
tended to fall gradually, but this seemed related to a decrease in 
restlessness and not to sleep per se. 

A typical record is shown in fig. 1. The changes in blood flow which 
did occur were probably passive responses to changes in systemic arterial 
pressure. Certainly, the period of sleep was not accompanied by greater 
fluctuations in flow than occurred in the control-waking periods. 

One of the patients studied had narcolepsy and a history of cataplectic 
attacks. The record shown in fig. 2 was obtained during one of his 
characteristic sleep attacks. The general level of the cerebral blood- 
flow. was not influenced by the occurrence of this period of sleep. 

These observations indicate that the impairment of consciousness 


46 ORIGINAL ARTICLES AND CLINICAL CASES 


Mial Jeep 





Fra. 1.—The cerebral blood flow during normal sleep. The tracing at the top represents 
respjratory movements of the chest; the one in the middle, alterations in blood flowin an 
internal jugular vein; the line at the bottom shows time in minutes. The approximate 
period of sleep is shown by the dotted area. In this record, the full sensitivity of the string 
flow recorder was being utilized and minor fluctuations in flow give the record its somewhat 
toothed appearance. ; : 
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Fia, 2.—The blood flow during a period of sleep in a patient with narcolepsy. Tracings 
as in fig. 1 except that brachial blood pressure is recorded below the record of the blood 
flow. At the end of the period of observation the apparatus was tested by light pressure 
applied over tha bhomolatera] jugular vein below the needla (marked Pressure Homolat. 
Jugular) and then over the contralateral jugular vein (marked Pressure Oontralat, Jugular). 
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which occurs in sleep is not due to a change in the total cerebral 
blood flow. We found this to be trwe afso in régard to various other 
types of unconsciousness, notably in petit mal seizures [6] and in syncope 
from carotid sinus stimulation whgn no fall į in blood- -pressure occuxred [7 | 
On the other hand, unconsciousness which is associated with orthostatic 
syncope or with carotid sinus stimulation in which “there isa preliminary 
fall of blood-pressure, is preceded by a sudden and pronounced decrease 
‘in cerebral blood flow as measured both by the blood flow recorder and 
by analysis of the oxygen content of blood from the internal jugular 
vein [7]. That the flow in itself is not the determining factor is shown ` 
by the fact that pronounced diminution of flow can be produced by 
such -procedures as quick change in posture or hyperpnoa [8] without 
inducing sleep or alteration of consciousness. In unconsciousness 
\produced by the breathing of — the cerebral blood fow ig 
increased [8]. 
A vasoconstriction in a small area of the brain would not have been 
- detected by our instrument. It is possible that circulatory changes, - 
confined to some small portion of the brain principally concerned with 
sleep, might induce sleep. That the “sleep centre ” should be activated 
by a localized vasoconstriction would ‘appear, however, to be a somewhat 
elaborate hypothesis for which there is, at present, no’ direct evidence. 
The older observations by means of & tambour deserve some explana- 
tion. By the more exact means of observing the pressure of the cerebro- 
spinal fluid, we have confirmed the tambour observations of Stevenson 
and others that an increase in intracranial pressure takes place when 
the subject is falling asleep. This increase is, however, slight, amounting 
to only 20 or 30 mm. of spinal fluid. Probably this increase is not due 
to an exhaustion of cerebral vasomotor nerve centres but to an increase 
in venous pressure, or else to a decrease in the respiratory movements 
and a consequent slight accumulation of carbon dioxide in the blood 
which enlarges the vascular bed, without overbalancing a coincident 
slight fall in blood-pressure, and without altering the cerebral blood 
flow. ° 
Available information does not yet suffice to explain the mechanism 
of sleep, but the work of Pavlov with conditioned reflexes and internal 
inhibitions and that of Hess with stimulation experiments suggest 
that the mechanism is an essentially nervous one. In any case, we 
feel that the data presented here should form a requiescat in pace for a 
vascular theory that has too long haunted textbooks and neurological 
hterature. 
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a Observations of the cerebral blood flow in man have been made by 
means of a thermo-electric Wood flow recorder inserted into an internal 
jugular°vein. The onset and’ terminatfon of sleep in subjects without 
sleep disorder and in ene patient with narcolepsy were not accompanied 
by a significant change in the flow of blood through the brain. 
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J.—INTRODUCTION. 


A DEVELOPMENT of. recent clinical and experimental studies of ‘the 

“ grasping ” phenomena seen in association with, certain lesions -of the 
‘frontal lobes is the formulation by Fulton and his collaborators, [10, 
18, 19, 20] of.a “syndrome of the premotor cortex.” < 

They believe that both in man and in apes & characteristic group of 
motor disorders meriting this title is to be observed. 

The evidence submitted in -support of this hypothesis is mainly 
experimental, and consists in observations made upon apes after circum- 
scribed cortical ablations, but-it has-recently been supplemented by a 
clinical-cage of glioma of the frontal lobe which, they believe, confirms 
the conclusions reached from opener and warrants their application 
to man. 
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In considering the investigations which have led to the description 
QÉ this syndrome, i is essential to understand the nomenclature 
employed by the authors. By the term “ motor area” they understand 
that pért of the precentral convoluéionsadjacent to the fissure of Rolando 
in which are found-the giant cells of Betz. This corresponds approxi- 
mately with GCampbel’s “ precentral area,” with Brodmann’s “ area 4,” 
or with Economo’s “ area piganto-pyramidalis F A y” [8, 7, 9]. 

The.“ premotor area”’ lies immediately anterior to the above. It 
corresponds with Campbell’s “intermediate precentral area,” with 
Brodfhann’s “area 6, and with Economo’s “ area frontalis dgranularis, 
F B,” together with the anterior and ventral part of his area F A. 

Now it must be emphasized that the term “‘ motor” or “excitable” 
cortex is based upon physiological grounds, and denotes the possession 
by, the region so named of certain physiological properties. It implies 
nothing of the cellular structure of the region in question. This has 
been generally understood both by histologists and by experimental 
physiologists. 

Thus Brodmann [8] says that his areas 4 and 6 together correspond 
with the motor cortex. Economo expresses @ similar view, and it has 
been only by Campbell [7] that any suggestion has been made that 
his precentral area is co-terminous with the motor cortex properly 
so-called. 

But in the papers-we are to consider this view of Campbell’s has been 
adopted, and in describing the two areas in question histological and 
physiological terms have been used as though interchangeable, though 
it is nowhere explicitly stated that any departure from the customary 
sense of the term ‘‘ motor cortex’’ has been made. Considerable 
confusion has been created thereby, but for our present purposes we will 
uge the words “ motor” and “ premotor” in the senses employed by 
Fulton and his collaborators, considering finally the influence this usage 
- has upon the evaluation of their conclusions. - 

As Fulton [12] points out, the notion that the region immediately 
anterior to the motor cortex may have important,functions in the 
synthesis of voluntary movements is no new one. Jackson placed his 
‘highest level ” of cortical function in the “ prefrontal region,” and it 
was perhaps natural for Campbell, as a histologist, to wish to give it 
“a local habitation and a name ” in the intermediate precentral area he 
had delimited. Campbell [7] further drew attention to the origin of 
the fronto-pontine tract in this region and suggested that the latter and 
the cortical region from which it took origin might represent part of 
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‘Jackson’s “highest level,” the prpeentral ares corresponding to the 
‘middle level.” But, as we shall see; so Lomplete an identification of 
a cyto-architectonic field with a physiological entity is not justifie 
either on histological or upon physiclogiaal grounds. en. 

In 1909, Bergmark [1] pointed out that occasionally hemiparesis of 
cortical origin is unaccompanied by spasticitys—unlike the common 
hemiplegia of capsular origin, while in 1910 the present.writer [24] 
drew attention to various clinical and experimental observations which 
raised the question as to whether the spasticity accompanying sonte 
cerebral paralyses might not possibly be a consequence of a negative 
lesion of a second descending pathway; namely, the fronto-pontine 
tract, but no conclusions were drawn. 

Again, the idea of “ eupraxic centres ” lying anterior to the true 
motor cortex is an old one, such a centre being one wherein “movements 
are combined ideationally, to be innervated in the sensomotoriam 
(Wilson [26]).”’ It finds a lucid exposition very relevant to our present 
subject in Wilson’s paper published in this Journal: ‘A Contribution 
to the Study of Apraxia.” oe 

More recent studies of the “grasping phenomena” have again 
brought to the fore this question of the rôle of the frontal ‘lobe in move- 
ment and in posture, and the series of papers, by Hulton and his colla- 
borators, to be considered, represents an attempt to throw light upon it. 

It is the purpose of the present paper to review the findings and 
conclusions of these observers, and to consider the probable nature of 
the cortical representation of movements. We shall also have to consider 
what may properly be understood by the term “motor cortex.” 

But before we begin, a little retrospect may be permitted. The past 
quarter of a century has seen the identification of a number of newly 
isolated syndromes correlated, on evidence of variable quality, with lotal 
lesions in regions of the brain previously little considered by clinical 
neurologists. Almost invariably we find that, interest once aroused in 
some particular region of the brain-in this way, syndromes, localized in 
it have freely multiplied and functions have been lavishly showered upon 
it. The corpus striatum and, more recently, the hypothalamus provide 
cases in point. Outside the neuraxis the sympathetic system also 
affords an example of the kind. 

Frequently much of this new work fails to stand the test of time 
and the labours of the student in assessing it all are considerable. 

The lesson should be of value to us, and in approaching a region of 
the brain now becoming & focus of attention, namely, the “-premotor ” 
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region of the cerebral cortex, we shajl do well to be cautious in accepting 
Rew a attributions to it*-eithe of symptoms or of functions—more especi- 
ally if this should involve removing them from regions their association 
with® which has been firmly established by earlier work. 


* «¢ e 
Il.—THE CLINICO-PATHOLOGIOAL EVIDENCE FOR THE 80-CALLED 
. PREMOTOR SYNDROME OF FULTON IN MAN. 


Theedirect evidence submitted by Fulton and his co-workers 
consists so far in but a single case [20]. The lesion was a glioma of 
the ffontal lobe, and hence the syndrome developed gradually—the 
component signs appearing in what they believe to be a characteristic 
and pathognomonic sequence. ‘These signs, in order of their appear- 
ance, are as follows: (i) Gradually increasing swkwardness in an 
extremity, affecting more particularly highly integrated digital move- 
ments, such as those involved in sewing, piano playing, buttoning a 
shirt, and without impairment of gross movements; (ii) early appear- 
ance of spasticity and increase of tendon-jerks; (iii) “forced grasping ”’ ; 
(iv) late appearance of weakness of grasp and of other “ gross move- 
ments’; and (v) vasomotor disturbances of the affected parts. 

Jacksonian attacks may or may not appear, and the authors believe 
that a careful examination of the sequence of events will allow of the 
recognition of UpES Menor aeons even before the development of 
“ forced grasping.” 

They do not record any special clinical studies of a syndrome of the 
true motor: cortex, but they believe that when this develops progres- 
sively its signs will be as follows: (i) Generalized “ weakness ” of the 
extremity, especially of the grasp, appears precociously ; (ii) spasticity 
if present at all appears late; and (ili) thera is no forced grasping. 
Aéute lesions of this region, on the other hand, produce flaccid paralysis 
and depression of reflexes. 

The attribution of the first of the two syndromes summarized above 
to an exclugively premotor lesion is not one that can be readily accepted 
as it stands, for in respect of all but its third component, namely, 
“forced grasping,” it represents a sequence of events and signs common 
to every case of progressive hemiplegia. In particular, the initial loss 
of isolated and skilled movements of the fingers, and—with the deepening 
of this loss—the spread of impairment of movement to include larger 
and simpler movements and those of the proximal segments of the limb, 
illustrate that ‘ compound order of dissolution ” described by Jackson [17] 
as so characteristic of hemiplegia as ordinarily seen in man. Nor is this 


| 


THE ‘SYNDROME OF THE PREMOTOR CORTEX” 53 


transfer of hemiplegia from lesions of the motor area and the ee 
system to lesions ivo mng only the pråmotor drea*and an extra 
pyramidal motor system,” rendered more gonvincing by the summary 
given of the syndrome of the érue,motar cortex and the pyxarhidal 
system. This does not call up in the clinical obseryer’s mind anything 
with which he is familiar. We are told that characteristic of this 
syndrome is not loss of skilled movements of the fingers, but rather a 
‘“ generalized weakness ” of the limb; a loss of power rather than a loss 
of purposive movements. Since this conception of “ weakness” as 
typical of motor area and pyramidal lesions is strongly emphasiged by 
Fulton and his collaborators and placed in contrast to loss of purposive 
movements, if must be submitted to some examination. 

It seems that.we have here a false antithesis between “ weakness ” 
on the one hand, and impairment or loss of movements on the other. 
For example, we find (Jacobsen [18]) that after a motor cortex ablation 
the affected limb is said to have recovered “motor power,” although 
some hand and finger movements are permanently lost. No such 
distinction between “power” and “movements” can be drawn. A 
limb can do nought else than move, and the expression “loss of power ” 
can have no other meaning than “loss of movements.” 

Further, in descriptions (Fulton. and Viets [13]} of the ‘‘ weakness ” 
associated with motor cortex lesions, we read of paralysis of “ muscles” 
or of a “a specific muscle group” as though muscles and not move- 
ments were represented in the cortex. Indeed, it is clear that this is 
the category in which the writers are thinking, though no sound 
hypothesis ot cortical motor functions can be built upon such a basis. 
This antithesis between “ weakness ” and “ loss of movements ” has no 
foundation in reality, but seems forced upon the writers by the exigencies 
of an hypothesis which requires that there shall be two kinds of 
hemiplegia, “ motor ” and “ premotor.” As to the nature of the paralyses 
following cerebral lesions, Jackson expressed the facts clearly as follows: 
“ I would point out that loss of some movements of the whole of a part, 
with persistence of some other movements of the whole of “that part, is 
an exceedingly common thing. Take the case of an imperfect paralysis 
of an arm in ordinary hemiplegia, or after an epileptiform seizure. To 
say that the arm is ‘weak’ is misleading. The patient has lost some 
movements of the whole.of the limb, and yet retains other move- 
ments of the whole of the limb. Often enough there is loss of 
some of the most ‘delicate’ movements, with, at the same time, the 
retention of many ‘coarser’ movements. Unable to button his shirt, 
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the patient may. be able to grasp ————— or to strike a heavy blow ” 
[17]. * Í 

OT the innumerable diffgrent movements of which the human hand 
and {1m are capable, some,are relatiwely simple and both early and 
easily learned. Others are more complex, especially those employing 
the digits, and much practice goes to their perfecting. Such distinction 
as we may wish to make between these two extremes is best expressed 
by J ackson’s antithesis, “ automatic ” and “ voluntary,” or “ general ” 
and `“ special” respectively.. But these are distinctions of degree and 
not o& kind, and in drawing them we are neither required to, nor 
justified in, postulating qualitatively or topographically distinct cortical 
representations for the two extremes. 

There are many degrees of hemiplegia, but only one kind, and the ex- 
pression “‘loss of power,” or “ paralysis of muscles,” is not applicable to it. 

“Nor may we invoke the appearance of spasticity as a sign necessarily 
differentiating the premotor syndrome (if there be one) from the motor 
syndrome, since the rate of development of the lesion, and its progressive 
or stationary character, are factors which enter largely into the matter. 

In this case, therefore, the ‘‘ forced grasping ” is the only com- 
ponent sign of the syndrome which may be confidently ascribed to 
involvement of the premotor region. The hemiplegia must be assumed 
to be a consequence of interference with the functions of the motor 
cortex and its projection system, of which it is a typical example, unless 
it can be proved that the lesion was in fact wholly confined to the 
prerantor region and was incapable of provoking ‘‘ neighbourhood symp- 
toms ” in the contiguous motor region. 

This cannot be proved, for the lesion was a cystic astrocytoma whieh 
“pointed ” in the frontal cortex just anterior to the ascending frontal 
convolution. As is well known, it is quite impossible with the naked 
eye, or in the absence of a minute histological examination of the 
hemisphere, to determine the limits of an infiltrating growth of this 
nature. Its margins are invisible, and its extent always greater than 
can be seen macroscopically. The mass removed at operation was 
22 c.c. in bulk, and we may not assume that it comprehended the entire 
tumour substance. We cannot know fo what degree the motor cortex 
was infiltrated by growth, or its functions disturbed by cedema or 
reactionary changes. In short, the case does not provide material from 
which Fulton's deductions can be drawn.! 


1 Twenty-five years ago, Horsley [16] reported the results of an isolated ablation of the arm 
area of the motor cortex in the human subject. Referring in his paper to other caseson record 
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In his most recent paper [10], Fulton uses the term “ tonic-innerva- 
tion” as a synonym for “syndrome of the paemiotor edrtex,”-and states that 
forced grasping never occurs as an isolated’ symptom, but always assoviatél 
with the other components of the syndrome enumerated above, elt: is 
not possible to accept these statements. Tonic innervation, a — first ' 
employed by Wilson and Walshe [27], was used to designate tonic 
grasping and this alone, and it was never Associated by these writers 
- with the hemiparesis which accompanied it in the cases recorded in.their 
paper. Subsequently, Walshe and Robertson [25] have used *the term 
as applying only to the’ proprioceptive tonic grasping reflex, isolated by 
them from the complex phenomenon now generally known as “ forced 
grasping.” ‘T'his reflex reaction does occur from time to time in man 
in the absence of any paresis, change in the tendon jerks or spasticity ; 
that is, without any of the other components of Fulton's syndrome, and 
one such case is reported by Walshe and Robertson in the paper- referred 
' to, and others have since come ‘under the observation of the present 
writer. There can, therefore, be no justification whatever for using the 
term “tonic innervation” as s¥nonyniéus with Fulton's “syndrome 
of the premotor cortex,- To do so is to plunge the nomenclature into 
unnecessary confusion, and, in so far as~reflex proprioceptive grasping 
may occur without the:-other components of- this syndrome, ‘it is; of 
course, inaccurate, = 3 

“In the case of the ‘human — — the — adduced does 
not support the occurrence of ‘such a syndrome of the premotor cortex as 
has been described by Fulton and his collaborators. This is not to say 
that there are no motor syndromes characteristic of lesions in the frontal 
lobe anterior to the true motor cortez. What evidence there may be 
for frontal motor syndromes will be considered subsequently. 


U1.—THe EXPERIMENTAL DIFFERENTIATION OF “ PREMOTOR’” 
AND ‘‘ Motor” SYNDROMES. 


It is indisputable that in this matter the experimentalist can 
command opportunities denied to the clinical observer, but the latter 
retains the advantage of observing human material and has not to draw 
inferences from ape to man. Again, it is only rarely (as in Horsley’s 
case of cortical ablation [16]) that a therapeutic intervention in man 


from which conclusions had been drawn as to the functions of this region of the cortex, he 
wrote :—“ With the utmost respeot for the opinion of the many distinguished writers on 
this subject who have published instances of lesions in this. region, 1 venture to objeot 
to evidence derived from cases of extensive tumour as scientifically not valid for this 


purpose,” 
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fulfils the conditions of a planned animal experiment. The manner of 
development of » disease progess in man differs, also, from that of the 
expenimental lesion. In ptfer words, in comparing experimental 
lesiogs in animals with the lesions of disease in man, we see that neither 
the material nor the event is quite the same. In this way the drawing 
of valid inferences is*sometimef rendered difficult. 

The series of experiments we are to consider illustrates these points 
in many ways. Thus, the sequence of cortical ablations in some of the 
cqmbinedé motor and premotor experiments was carried out so rapidly 
that the motor state of an affected limb had not reached equilibrium 
before jt was further modified by the supervention of a second lesion in 
another cortical region. Thus, however precise the lesions, the appor- 
tionment of the final motor state between them has something of a 
speculative character. Again, ablations of the premotor cortex are 
carried out on the very threshold of the contiguous precentral cortex, 
and it would be contrary to experience if transient “ neighbourhood 
symptoms” were not produced to complicate the picture. It is essential, 
therefore, to differentiate carefully between immediate and transient 
disorders of function, and later developing and more persisting disorders. 
That such transient ‘neighbourhood symptoms ” ensue after surgical 
interventions involving the cerebral hemisphere in man .is a common- 
place, and even in ‘these experimental procedures they are found to 
occur. Thus Fulton and Kennard ([12], experiment 7, p. 193) found 
a transient paresis of an arm after ablation of the leg area of the motor 
cortex. 

Again, it is somewhat hazardous to compare the ‘immediate”’ 
spasticity of brief duration that may follow an ablation of the premotor 
cortex with the more gradually developing residual spasticity of 
hemiplegia in the human subject. 

‘Although there is nothing in these considerations not perfectly 
familar to the clinical néurologist who is constantly seeing them exem- 
plified, yet it may be useful to recall their importance to him when he 
comes to assess the bearing of experimental lesions of the brain upon the 
elucidation of the symptoms of lesions in man. 

Fulton and his collaborators summarize their observations and draw 
their conclusions as follows: (i) Lesions restricted to the motor area give 
rise to flaccid paralysis. The return of ‘motor power’ and of normal 
posture is complete except for. the “ muscles” of the digits. In the 
chimpanzee a Babinski plantar response ensues. Spasticity never occurs. 
(ii) Lesions restricted to the premotor area produce as their primary 
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symptom a disturbance of skilled, — movements. Animals 
trained to carry out special movements of \this orfler suffer paumen 
of “the capacity to execute” them. On thd other hand, ‘ gross power ’ 
is not affected and grasp remainsegood even when fine movements aii 
impaired. Spasticity and increase of tendon-jerks apd ‘‘ forced grasping ” 
are also present. Some vasomotor changes may-appear in the affected 
limbs. From these observations the following conclusions «re reached : 
(i) The premotor area is the chief cortical representation of the extra- 
pyramidal motor system and subserves “the integration of complex 
volitional movements and postural adjustments.”, (ii) Within cértain 
limits (nowhere defined) the pyramidal system is able to compensate for 
loss of the premotor cortex, and, in its turn, the premotor system is able 
to mediate certain voluntary movements in the absence of the pyramidal 
system. 

It is noteworthy that these conclusions contain no statement as to 
the functions now assigned to the motor cortex and pyramidal system, 
since, a8 we shall see, those attributed to them by Leyton and Sherrington 
are boldly transferred to the premotor cortex and an extrapyramidal 
system.: 

.Our task of assessing the experimental evidence in favour of the 
occurrence of two distinct syndromes, motor and premotor, would be 
simple could we assume that the summary just given adequately 
generalized the facts of observation as recorded by Fulton and his 
collaborators in their protocols, or justified their conclusions. But we 
cannot do so, for a study of these protocols reveals wide divergences on 
essential points between observation and summary thereof. We must, 
therefore, make our own analysis of the facts and draw our own con- 
clusions, and in doing this if will be of value to describe—as standards 
of comparison—the results of motor cortex ablation in man as reportéd 
by Horsley, and in the chimpanzee as — by Leyton and 
Sherrington [22]. 


(i) ‘Ablation of the True Motor Cortex m Man and “Apes. 


The human subject (Horsley [16]).—The patient was a youth who 
suffered from violent athetotic movements of the right arm. When the 
limb was quiet his movements are described as being normal and power- 
ful. The reflexes were normal. The arm area of the motor cortex was 
carefully delimited by stimulation in the usual way, and it was then 
carefully excised with minimal disturbance to the blood-vessels. “The 
` excised gyrus was examined histologically by Holmes and identified as 
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of true motor cortex.structure. The immediate results were disappear- 
ance of athetosis and total thes of voluntary power in the limb (right 
arm). During the ensuing Weeks the return of voluntary power followed 
the ustal course. At the endeof the third week abduction and adduction 
of the shoulder; next, flexion of the elbow, then extension of the elbow 
and flexion of the wrist. Digital movements returned later; first, flexion 
of the thun, then extension of this and the other digits, the little 
finger moving not at all. Horsley then observes that “As regards 
flexion, the complication of hypertonia comes In, because the ordinary 
hypertonia or contracture affects as usual the most paralysed part, and 
therefore when the digits are flexed the small fingers curl up into the 
palm, and the wrist, instead of remaining extended, follows suit.” 
Finally, the hypertonia was most marked in the flexors of the ulnar 
fingers and remained as a permanent residual state. Fine, isolated 
movements of the digits never returned. With the sensory defects 
noted we are not here concerned. 

Fortunately for our present purpose this case was the aibient of 
intensive investigation by Head and Holmes during the course of their 
studies on ‘‘ Sensory Disturbances from Cerebral Lesions” (this journal, 
1911, 34, 102), and their notes record that seven months after the 
cortical ablation there was ‘‘ distinct increase of tone in all muscles 
from the elbow distally. The fore-arm cannot be supinated without the 
exertion of force continuously applied.” Similarly, force was required 
to bring the fingers and hand into the same line as the forearm. On 
relaxing this force the hand and fingers slowly went back into flexion 
again. ‘The left arm jerks were brisker than the right. 

At the elbow there was fair power of voluntary flexion but less of 
extension. Supination was weak and incomplete, pronation stronger 
arid more complete. Flexion of the third and fourth fingers was complete 
in range, but that of she index very incomplete and feeble. The two 
radial fingers could be almost fully extended, but the remaining fingers 
very feebly. and incompletely. There was no power of flexion of the 
thumb, but feeble extension. 

Associated movements (symmetrical) were present in the left hand 
on forceful movements of the right. 

There was slight general wasting of the limb.’ 

Leyton and Sherrington’s findings on isolated ablation of the arm 
area in the chimpanzee are identical with those recorded above as 


1The writer is indebted to the courtesy of Sir Henry Head and Dr. Holmes for the 
opportunity of studying their notes of this case. 
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occurring in the human subject. Thus, the immediate result was loss 
of movements in the limb, maximal for thbse of the digits and mipimg) 
for those of the proximal segments of the #mb, The lost and impaired 
movements of the latter rapidly*returned,*but the purposive movement 
of the digits, particularly isolated maqvements gf thumb and index, 
were at once the most severely impaired and -the most imperfectly 
restored. The original scar was then re-exvised at a second operation. 
At this juncture these observers note that “the tendency to contracture 
noted before the second operation has become' more pronounced. The 
arm tends to be kept partially flexed at the elbow, and there if some 
postural over-extension of the metacarpo-phalangeal joints, with some 
flexion of the phalangeal joints of all the digits except the thumb.“ In 
this experiment the state of the tendon-jerks is not noted, but after a 
“leg aroa ” extirpation it is noted twenty-four hours after operation that 
the knee-jerk was increased. i 

We see, therefore, that there are no essential differences- between 
the changes in motility produced in man, and those produced in the 
chimpanzee, by isolated ablation of the motor cortex. 

The observations of. Fulton and Kennard [12] are also essentially 
identical witb these, though their summary and conclusions do not 
indicate the fact. Thus, they found the same initial widespread loss 
of movement, the rapid return of movements in the proximal segments 
of the limb, and the same imperfect restoration of skilled digital move- 
ments. Hypertonus, also, appears to have made its appearance in the 
most paralysed parts of the limb. This is clearly indicated by the 
statement that the affected arm—even when extensively and deeply 
paralysed—tends to adopt and to maintain a semi-flexed attitude (a 
criterion accepted by these observers as indicative of hypertonus). In 
. one instance, Jacobsen [18] reports the persistent adoption of tlfis 
attitude, while after bilateral ablation of the “deg area,’ Fulton and 
Keller [11] state that the postural condition of the lower limbs is 
“entirely similar with respect to reflexes, adduction of the extremities, 
lateral deviation of the toes and a tendency to pes equinus; it differs 
only in one respect, namely, in the degree’ of spasticity ’’ from the state 
of the legs in human cerebral diplegia (Little’s disease). 

It cannot be maintained, therefore, that persistent flaccidity is a 
‘characteristic of paralyses following ablation of the motor cortex. 

The depression of the tendon reflexes is but an immediate effect, 


1 Italio not in the original. 
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and they may ultimately become, exaggerated (Fulton and Keller, 
p 108). oO ge 

A further interest is ad@ed to these experiments by the fact that a 
certéire number of animals were subjected, before operation, to training 
in feeding-box problems (Jacobsen [8]). It was found that, after motor 
cortex ablation, altheugh the animal appeared to retain the habits 
previously inculcated, yet the imperfect restoration of hand and finger 
movements proved an obstacle to their efficient motor execution. This 
observation corresponds with the findings of Leyton and Sherrington, 
namety, that “the fore-running idea of the action intended was present 
and as definitely and promptly developed as usual. All the other parts 
of the motor behaviour in the train of actions coming under observation 
seemed accurate and unimpeded except for the role, as executant, of 
the particular limb whose motor cortex was injured . .. raising the 
question whether the function of part of the cortex ablated in such 
cases be not indeed infra-mental ” (p. 206). 

In conclusion, we find that the state of a lumb after ablation of its 
motor cortex representation corresponds closely to Jackson's description 
cited earlier. The final result is permanent impairment of skilled 
purposive movements of the hands and fingers, with some hypertonus in 
the paralysed paris. The generalization that “general weakness,” 
flaccidity and depression of reflexes are the characteristics of motor 
cortex ablation is seen not to be in accord with the facts, as recorded by 
Horsley, Leyton and Sherrington, and also by Fulton and his collabo- 
rators. The term “ general weakness” has no place in a precise analysis 
of the loss of movements following cerebral lesions. It takes no account 
of the nature of the loss, nor of the nature of the cortical representation 
of movements. 

e Finally, it ts noteworthy that this state of affairs, following motor | 
cortex ablation, corresponds in detail with what Fulton believes to be the 
sequel of ablation of the premotor cortex, with the single exception of the 
forced grasping that ensues upon the latter. 


(ii) Ablation of the ‘‘ Premotor’”’ Cortes. 
. The results of ablation of the premotor area, unilaterally or bilater- 
ally, alone and in association with ablation either of the frontal (prefrontal) 


1 A single experiment is sometimes reported by Fulton and his collaborators in more than 
one paper, and the déscriptions sometimes differ on essential points. Thus, Fulton and 
Keller [11] state that after ablation of the leg area in a chimpanzee, the knee-jerk became 
“ hyperactive” on the third day. Kennard and Fulton [19], reporting the same experiment, 
say that the tendon jerks were depressed for ‘several days,” do not mention that they 
ever became hyperactive, and state later in the paper that such hyperactivity was not 
observed. 


* 
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region, or of the true motor cortex, are so paradoxical that their inter- 
pretation has so far proved impossibleS and- their correlation , with 
anything observed in the human subject eSremely difficult. l 

‘This is well illustrated in the observations of Richter and Hines fos], 
Using the macaque, they find that whilg purely caqrtical excisions of the 
premotor region are without visible effect, deeper ablations in this region 
going through to the mesial aspect of the hemisphere asfar ventrally 
as the corpus callosum are followed by the transient appearance of 
“forced grasping” in the crossed limbs. If such a deep ablation he 
performed bilaterally, bilateral forced grasping .ensues and rémains 
permanently, only to disappear immediately if the corpus callosum be 
divided. On the other hand, if the entire frontal region anterior to the 
true motor cortex be ablated on one side, a transient and ‘inconstant 
‘forced grasping ” may develop on the opposite side, while if this be 
done bilaterally, forced grasping ensues ‘and is more persisting. 

It appears, further, that deep bilateral excision of the premotor 
. region evokes the appearance of “forced grasping” ‘only when the 
corpus callosum remains intact; -disappearing when this is divided. 
Richter and Hines were concerned solely with forced grasping and do 
not therefore record any other- motor disturbances following their 
experimental ablations. ee 

Fulton and Kennard did not carry out all these various combinations 
of cortical and corpus callosum ablation, and their results, in conse- 
quence, tend to make the problem of a premotor syndrome appear 
somewhat simpler than, in all probability, it really is. 

In the chimpanzee [12] unilateral ablation of the premotor area is 
followed immediately by a total flaccid hemiplegia. Within a few days 
there appears a tendency to the adoption of a semi-flexed attitude in 
the arm and feeble forced grasping and some resistance to passive 
movement.. The hemiplegia clears rapidly and completely—within a 
week—and after this time nothing is seen but “a lag in the initiation 
of voluntary movement.” The forced grasping and hypertonus also 
disappear. 

But it appears that there is a permanent defect remaining, for 
Jacobsen [18], examining a problem-box trained chimpanzee after the 
fugitive paralysis of a premotor cortex ablation had passed off, noticed 
‘that while the animal showed no defect of fine movements or of co-ordin- 
ation, it nevertheless appeared unable. to “organize” the necessary 
manipulations and had to relearn them. Thus, he says, “although 
unilateral premotor lesions did not result in residual motor deficits which 
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made the execution of fine adaptive movements difficult, the organization 
of these movements .*. . . whs greatly disturbed and necessitated post- 
operative relearning.”’ d 

is an essentially different disorder from that described as 
following motor cortex ablations, and the neurologist will be struck by 
its resemblance to the. motor disorder known to him as motor apraxia, 
Here is no question of a loss of highly integrated digital movements, 
which is, Fulton’s interpretation of the condition, but of the animal’s 
nåt knowing how to set about the necessary movements, and having to 
relearf them. Apraxia is a phenomenon difficult to investigate in an 
animal’and one with which the experimental physiologist is not familiar. 
This last point is made clear in Kennard and Watt’s paper [21] on the 
results of division of the corpus callosum. They remark that apraxia 
is a disorder said by clinicians to follow lesions of this structure in man, 
and add that apraxia ‘‘is at best rather a vague term,” Yet Wilson’s [26] 
definition of motor apraxia applies admirably to the disorder described 
by Jacobsen, namely, “inability to perform certain subjectively purposive 
movements or movement-complexes, with conservation of motility, of 
sensation, and of co-ordination.” 


(ili) Gainbuied Ablation of the Motor and Premotor Cortez. 


The final, residual effects of this appear to have been fairly constant. 
The immediate result is a severe hemiplegia and slight “ spasticity.” 
Transient and feeble forced grasping appeared on the fourth day. The 
spasticity gradually diminished and the final result appears to have 
consisted solely in residual hemiparesis with little spasticity (Fulton and 
Kennard, experiment 5: Baboon). The impairment of hand and finger 
movements remained severe. This increased dapth of residual paralysis 
appears to have been the sole permanent effect of the addition of premotor 
ablation to that of motor area ablation. 

In the chimpanzee (experiment 8) the results were essentially similar, 
but in this case both motor areas had been removed, and the spasticity 
and forced grasping in the arm affected by the combined ablation appear 
to have been more severe and a little longer lasting. 

In both experiments, the forced grasping developed after a latent 
period of three or four days. 


(iv) Bilateral Ablation of the Frontal Lobe to the Anterior Border of 
` the Motor Cortez. 


This ablation has a special interest for the neurologist in that it 
reproduces a picture resembling that not infrequently seen in cases of 
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frontal lobe tumour in man. The animal shows a striking lack of spon- 
taneity, remains motionless for long peritds, moves slowly, and when 
eating continues chewing movements after the morsel has been sel dr 
(? perseveration). This is bilateral forced grasping, but no spasficity 
and no paralysis. There is nothing to tell us whether or not any dys- 
praxia was present. This animal passed thropgh a phase of great 
restlessness. As may be seen in the human subject, thea presence of 
forced grasping is not necessarily accompanied by any spasticity, a finding 
which does not confirm Fulton’s association of these two phenomena 4s 
integral components of the premotor syndrome, and suggests thats after 
all, the appearance of spasticity as a residual symptom requires, and 
depends upon, a lesion of the motor cortex or of its projection system. 

A somewhat similar loss of motor initiative was found by Kennard 
and Watts [21] to follow division of the corpus callosum alone. No 
observations of a kind capable of detecting the presence of apraxia 
appear to have, been made in either of the two experiments just 
referred to. l 


(v) Bilateral Ablation of the Premotor Cortez. 


_This is the only lesion productive of permanently demonstrable 
forced grasping, and after this procedure the phenomenon is present 
bilaterally. This was found both by Richter and Hines and by Fulton 
and his collaborators. l 


It may be mentioned in passing that bilateral ablation of both motor 
and premotor areas produces permanent total paralysis of voluntary 
‘movement, spasticity and forced grasping. The condition of the animal 
is said [12] to be identical with that of the ‘‘ thalamus animal,” but 
those who are familiar with Magnus’s description of this will not be able 
to recognize any close similarity between the two. The thalantus 
animal is not, it is true, capable of volitional movements, but as reflex 
reactions it has a range of motor activities not found in the monkey after 
the ablation described above. . ° 


(vi) Conclusions. 


' Summing up these various observations, it appears that Fulton’s 
generalization that “grave postural and motor disturbances ” follow 
premotor area ablations, scarcely conveys an accurate impression. In 
macaques unilateral ablation has no visible effect, and in the chimpanzee 
the fugitive hemiplegia is probably a neighbourhood symptom. Forced 
grasping in this animal is transient and the sole residual defect is the 
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one we have provisionally identified, with motor apraxia. There is no 
vidence of an essential loss bf skilled movements of the digits. 

Combined (unilateral) tor and premotor ablations merely produce 
a more severe degree of hemiplegia than does ablation of the former 
area alone, together with the appearance of forced grasping. Fulton 
suggests that the spasticity of residual hemiplegia in man is due to the 
addition of ẹ lesion of the" premotor projection system to a pyramidal 
lesion, hut the recent examination of human pathological material by 
Davison and Bieber [8] appears to render this view untenable. 

Ffrther, consideying the obscure and sometimes conflicting state- 
ments about hypertonus or “ spasticity ” which appear in the various 
papers of Fulton and his collaborators, a doubt must arise in the mind 
of the clinical neurologist as to what these experimental observers really 
understood by the term, how they determined its presence or absence, 
and finally where they expected to find it in a limb of which omy: the 
distal part remained partially paralysed. 

For their protocols appear to provide clear ani of the presence 
of some hypertonus in the affected limbs of their animals after “ motor 
area ’’ ablations, yet they deny its presence. Purely clinical methods 
of examining the state of' tonus were employed in these experiments, 
and it is probable that some unfamiliarity with clinical criteria accounts 
for the discrepancy noted between observation and conclusion. It 
would undoubtedly be advantageous in such experiments for an 
experienced clinical neurologist to apply the routine methods of investi- 
gation ordinarily employed. It is by such means only that sound 
‘comparisons between animal and human material can be made. 

With the nature of the phenomena somewhat unsuitably grouped 
together under the title of “‘ forced grasping ” it is not proposed to, deal 
in’ this paper, but we may say that the observations we have been con- 
sidering do confirm the conclusions set forth by Walshe and Robertson 
[25], namely, that there are two components in forced grasping: (1) a 
volitional component (the so-called “ groping ” and “ grasping ” move- 
ments); and (2) a tonic contraction of the finger flexors when submitted 
to stretch, a true proprioceptive reflex action. Fulton [10] objects to 
the use of the term “ volitional ” in this connection on the ground that 
all possible movements are reflex, but the value of the objection may 
be judged by the frequency with which the term is employed in their 
papers by Fulton and his collaborators, even in connection with forced 
grasping. It is impossible to escape the use of the term, which has a 
meaning at once clear and generally understood. 
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We may conclude, therefore, that the sole symptom we may safely 
attribute to destroying lesions of the “ pr emator”” cortex is forced grasping 
and thts in turn is conditional upon ” the integrity of the conf 
callosum. All the other symptoms must be ascribed to disturbance of 
function in the motor cortez and its projection path. That they are all 
constantly produced by ablation of this area of the cortex confirms thts 
conclusion. Further, it appears probable thaé apraxia may be a residual 
effect of premotor cortex ablation. 


IV.—THe DEFINITION oF THE “ PREMoTOR’’ AND “ MOTOR” ARRAS. 
$ 


In the experimental investigations we have been considering we 
have seen a tendency to transfer to the “premotor” cortex and its 
hypothetical “ extrapyramidal” projection system functions hitherto 
accepted as belonging to the true motor cortex and the pyramidal 
system. If we accept these new views, it is difficult to see what role 
remains for the latter, and Fulton and his collaborators have not formu- 
lated any conclusions on the matter. Now the functions of the motor 
cortex of the physiologist have been clearly formulated by Leyton and 
Sherrington on the basis of what still remains the most exhaustive and 
skilled investigation that has been made. They conclude that these 
functions are “the upbuilding of larger combinations (of movements) 
varied in character and serviceable for purposes of different and varied 
kind. The functional properties of this cortex seem specialized to that 
end. .. The motor cortex appears to be par excellence a synthetic 
organ for motor acts .. . an organ for synthesis of movements—and 
of postures—on a vast scale.’ But, as we have seen, these are 
precisely the functions now attributed by Fulton to his “‘ premotor ” 
cortex. 

Seeking for some explanation of this extreme change of doctrine, We 
may find it in part in that use of nomenclature to which reference has 
been made in the introduction. For when Fulton and his.collaborators 
use the term “ motor area” they have in mind the area gjgantopyra- 
midalis, which they have assumed to be co-terminous with the physio- 
logically delimited motor cortex. As a corollary, all that cortical region 
lying between the anterior limits of Campbell’s intermediate precentral 
area and the area gigantopyramidalis becomes the “premotor area.” 
This last-named area has its own “ extrapyramidal ” projection system, 
the pyramidal tract being relegated to the area gigantopyramidalis. 

It seems clear that the very existence of a physiologically differ- 
entiated premotor cortex, and also that of the syndrome of this cortical 
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area, depend upon the accuracy or gtherwise of this identification of a 
physiological with a tytoarchlitectonic entity. If, in fact, the motor 
alte, properly so named, be fore extensive than this assumption allows, 
the ‘premotor area, with its functions and its syndrome, is largely 
swallowed up by the motor area. 

The solution of he question involves a consideration of both 
anatomical and physiologieal evidence. Taking the anatomical aspect 
first we find that the precentral area of Campbell (Hiconomo’s area FA) 
if limited posteriorly by the floor of the fissure of Rolando. According 
to Ecenomo [9], “negr the edge of the hemispheric cleft, this formation 
reaches in the frontal direction beyond the anterior wall of this gyrus 
(ascending frontal), and even passes over the precentral sulcus as far as 
the posterior lip of the precentral or the first frontal gyrus. Farther 
ventrally, its anterior Jimits shrink rapidly, so that at the level of the 
superior frontal furrow it is already behind the front lip of the pre- 
central gyrus; at the height of the second frontal furrow it is again 
behind the middle of the crown of the precentral gyrus. It then falls 
back rapidly into the floor of the fissure of Rolando at its ventral end.” 

But within this precentral area, and less extensive than it, lies the 
area in which are found the giant cells of Betz (area gigantopyramidalis, 
FAy). Doyrsally, the anterior limits of this coincide with those of the 
precentral area (FA), but ventrally to the first frontal furrow “the 
anterior limit of FAy recedes much more rapidly than that of FA: so 
that at the level of the second frontal gyrus the former hes reached the 
posterior lip of the gyrus (ascending frontal), and has sunk completely 
into the depths of the posterior wall in the region of the third frontal, 
gyrus. That is to say, in the region of F3 giant cells are to be found 
only in the deep portion of the posterior wall of the precentral gyrus 
sunk in the fissure of Rolando” [9]. In short, the giant cells lie 
massed in the dorsal and caudal parts of area FA. Brodmann’s 
“area 4” appears to coincide with Economo's area F Ay, and not with 
the entire grea FA. 

The intermediate precentral area of Campbell (Economo’s area FB. 
lies immediately frontal to the area just described. It shows a structure 
similar to it, except that if contains no “giant cells.” It stretches 
“from the sulcus calloso-marginalis on the median surface over the 
mesial edge of the hemisphere and the entire frontal convexity as far 
as the opercular area. Its fronto-caudal diameter lessens considerably 
as we trace the region ventrally, so that, while it covers several broad 
strips of the great first frontal gyrus at the edge of the cleft, it is reduced 
to the precentral gyrus alone in the opercular region ” (Economo). 
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Finally, it may be noted that Brodmann pias pis areas 4 and 6 
within his “ area precentralis,” which h correlates with the physig- 
logical “ motor cortex.” Fig. 1 makes these three terminologies AW 4 


@ 
CAMPBELL. 
INT-PREC, PREC, e e 


Campbell. — Precentral arem = 
Bets cell area, plus a narrdy zone , 
of transition between it and the 
intermediate precentral area. » 





BRODMAN 
PRECENTRAL. 


y 


Brodmann. Precentral area = 
both the above areas. Betz cell 
ares = area 4, and the region 
anterior to if is ares 6. Both 
together are named precentral area 
and are thought by Brodmann to 
correspond to the physiologists’ 
“ motor cortex, a 


Eiconomo.—Area FAy = Betz cell 
area. Area F'A = entire precentral 
area, which is of greater extent. 
FB = area frontalis agranularis. 
HA and FB together correspond 
to the ‘‘electro-motor gone” of, 
the cortex. 





Fie. 1,—Of these three histologists, Oampbell alone identifies the area gi topyramidalis 
with the motor cortex of the physiol rodmann says: ‘‘ Auch hier fdllé das ‘ Reiszfeld’ 
räumlich fast genau mit melao: o precentralis, also den baiden — 


Feldern 4 und 6 (nicht etwa nur.der ieee gigantopyramidalis), zusammen,” 


. This somewhat lengthy recapitulation of the different architectonic 
delimitations of these cortical regions is essential before we come to 
consider the limits which physiological experiment has placed to the 
“motor cortex.’ It is seen that an identification of this region with 
the area gigantopyramidalis is nowhere made by the -physiologist, nor 
has any histologist except Campbell explicitly made it. 


68 ORIGINAL ARTICLES AND OLINICAL CASES 


Leyton and Sherrington [22] have shown that the true motor 
cortex has no sharply defined nterior limit, and have described at great 
leith and in detail the various physiological and individual factors 
which determine its anterio» limits. Whey write: “It is instructive, 
therefore, to compare, the limitg of the motor field as determined by 
faradization in those.anthropoids with his (Campbell’s) ‘ precentral 
area’ determmed by cell ard fibre lamination. The posterior borders 
of the two as delimited by these two different methods seem to agree so 
closely that there can be little doubt that as regards that limit the two 
fields Sr areas are the same. In regard to the anterior border, the 
motor field’s boundary seems to lie, especially in its lower two thirds, 
farther forward than does that of Campbell’s precentral area. The 
anterior boundary, as determined .by faradization, is, however, not a 
sharp one, and its situation seems to vary somewhat from specimen to 
specimen. As placed by us, it certainly appears to lie for the most part ' 
in the intermediate precentral area of Campbell. Opposite the ‘arm 
area’ it lies not far behind the anterior boundary of the intermediate 
precentral area, but opposite the ‘leg area’ more considerably so. 
Opposite the ‘face area’ it lies very much further behind the anterior 
limit of intermediate precentral area, although in front of anterior limit 
of the pure precenéral area of Campbell. Campbell, in his original 
description, furnishes a number of arguments in favour of his inter- 
mediate precentral type of cortex possessing motorial functions, though 
differing from the precentral type or motor cortex pure. The gradual 
shading off of the pure motor field in the anterior direction, as experi- 
enced in our observations, and the variability of its anterior edge, as 
mentioned above when faradized under different experimental conditions, 
seem tous to lend support to his contention, although the latter was 
put forward on other evidence ” (p. 158).' 

It is clear, therefare, that the identification of the area giganto- 
pyramidalis, or even of the entire precentral area, with the “ motor 
cortex ” of hbe physiologist is erroneous, since the last-named area 


} Yet another experimental investigator has expressed himself in the same sense. Thus, 
Rothmann says: ‘Vor allem ist die mit Riesenpyramidenzellen besetzte Area giganto- 
pyramidalis weder mit dem elektrischreizbaren Rindenfeld ncch mit der motorischen Region 
der Grosshirnrinde noch endlich mit dem Ursprung der corticospinalen Bahn gu identi- 
fizieren. Das geht nicht nur aus den Ergebnissen am niederen Affen, sondern auch aus den, 
vor allem mit Hilfe der Rindenextirpation, beim Anthropoiden und Menschen gemachten 
Beobachtungen mit Sicherheit hervor.” (Uber die physiologische Wertung der cortico. 
spinalen (Pyramiden-) Bahn. Arch. f. Anat. u. Physiol., Physiol. Abteil., 1907, 2-17 
Nothing that has since happened requires any modification of the views herein expressed. 
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includes a considerable extent af the histologically —— inter- 
mediate precentral area. 

Further, it is of interest that these er observations gra 
no ground for thinking that the motor dunctions of that part of the 
intermediate precentral area included within the motor cortex (properly 
so-called) differ in any way from those displayed by the precentral 
cortex. ` ° 


Parallel with the assumption that the motor cortex, properly 8o- 
called, is identical with the ares gigantopyramidalis goes amother: 
namely, that the pyramidal tract arises solely from giant cells within 
this areg. 

Some twenty-five years ago, Horsley, in a paper already referred to, 
gave adequate reasons for rejecting any such assumption. He said 
“that to include the whole efferent or motor area as determined by 
excitation we must take two of Campbell’s regions, both his inter- 
mediate precentral and his precentral areas, although he wishes, 
apparently, the term “motor” to be restricted tothe latter. This suggested 
restriction of the term “ motor,” namely, because the giant cells of Betz 
are to be found only in a certain (the major) portion of the precentral 
gyrus, cannot be justified, since it would exclude the motor centres for 
the face, larynx, pharynx and eye muscles, as well as part of the repre- 
sentation of head movements. It also disregards the anatomical rule 
that an efferent or motor cell varies in size according to the distance 
the axone has to travel in the central system—for example, the largest 
pyramids in the precentral gyrus are in the leg area.” 

But there are other cogent reasons for rejecting this restriction of 
the pyramidal tract to the axones of giant cells within the Betz cell 
area. The fact that the cells to which the descriptive term “giant ” 
has been applied lie solely’ within this area js not a proof that the 
pyramidal tract arises only within it. The first precise study of its 
origin is that of Holmes and Page May [15], and while they accept 
the “giant cell” origin of the pyramidal tract, they accept wide 
variations in size for these cells, variations: which they correlate with 
differences in the calibre of the cortico-spinal fibres. It is noteworthy 
that the area of distribution of these cells, in man and in chimpanzee, 
which they figure in their paper (figs. 7 and 8) is more extensive in an 
anterior-posterior direction than is seen in the cortical maps of 
Campbell (cf. Plate IX) and of Economo. They remark that this 
distribution corresponds with the physiologically delimited motor area, 
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and it is apparent that the degree of correspondence between the two 
is greater in these figures gthan in those of the other authorities 
r&erred to. J : 

learly, the statement that the ‘.giant cells ” alone give rise to 
pyramidal fibres has no meaning unless we are agreed as to what 
constitutes-a giant cell. On examination we find that our standards 
on this poing are various,.arbitrary and without discoverable physio- 
logical value. According to some authorities the standard of identifica- 
tien is purely dimensional, and Brodmann [3] cites several such 
standasds as given by different observers. Economo [9] has yet 
another standard and states that “all pyramidal cells larger than 60 or 
100/25 or 60 u are to be considered as giant cells.” He is. however, 





Fig. 2.—(Economo and Koskinas. Figes. 87 and 92). Showing the relation of the origin 
of the cortico-apinal (O.8p.) and cortico-pontine (O P.) fibres to areas FAy and FB. The 
area of distribution of the pyramidal cells of 8rd and 5th cortical layers from which these 
pathways arise is crogs-hatched. 


careful to avoid any physiological inferences from what can be no 
more than a purely descriptive convention, for he states that ‘‘ axones 
of ether large pyramidal cells in area FA ” give rise to pyramidal tract 
fibres, and he points out that in conformity with a general law in the 
anterior half of the cortex, the largest cells lie in the. dorsal and caudal 
portions of each histologically differentiated field. Bevan Lewis [2] 
accepts a8 giant cells, cells which are of markedly smaller dimensions 
than those allowed by Economo, and as we have seen Holmes and Page 
May also accept wide variations in size and indicate the difficulties 
involved in determining the anterior limits of their distribution. In 
discussing this question of the cells of origin of the cortico-spinal path- 
ways, Economo and Koskinas in their large work on the cytology of 
the cerebral cortex express themselves quite emphatically, saying, “es 
vielleicht doch ein Trugschluss ist, in den man gar leicht verfallt, wenn 
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man im allgemeinen each der Grosse der Zellen auch, ihre Bedeutung 
und physiologische Dignitat schliessen anyon glatbt.’”* 

The fact that “ giant cells ” have been Wescribed in the frontal ghd 
superior parts of the postcentralconvolutiqn by all observers from “Betz 
to Economo, in the same cortical layer as the giant cells of the area 
preecentralis gigantopyramidalis, is an apt cammentary upon this 
aphorism. The authors illustrate what they believe to be the area of 
distribution of the cells of origin of these pathways and show that this 
is not co-terminous with the area gigantopyramidalis (fig. 2). : 

In short, the “giant cell” is a dimensional and not a physiological 
entity and we can scarcely blame the histologist if it has come to be 
regarded’ as the latter. 

Finally, we have the recent investigations of Hoff and Hoff [14] 
which appear to indicate that the area 6 of Brodmann, Campbell’s 
intermediate precentral area, also furnishes fibres to the pyramidal 
tract. 

In short, the hypothesis that the pyramidal tract derives solely from 
cells within the area gigantopyramidalis is as unfounded as that which 
identifies this area with the motor cortex of the physiologist. Both run 
counter to experimental and histological facts of observation. 

The terms ‘ motor” and “ premotor ” are not ipterchangeable with 
the terms “ precentral”’ and “intermediate precentral’’ (or with “ area 
4” and “area 6”), and the conception of two sharply differentiated 
cortical regions, each with its own projection system, and each with | 
widely differing functions, is illusory. The true motor cortex includes 
much of Fulton’s ‘‘ premotor area” and the pyramidal system arises 
within all parts of it. 

That a fronto-pontine tract arises also somewhere within the more 
anterior parts of this area is another matter, and the functions of tbis 
path remain to be elucidated. 

Added to the confusion created by this inexact use of nomenclature 
is yet another factor making for misunderstanding. As we gaze at any 
one of the various cortical maps, such as Campbell’s, Brodmann’s, or 
that of Economo, we may easily gain from them the impression that 
the cytoarchitectonic boundaries thereon depicted are as clear-cut, 
constant and immovable as the field boundaries we may see from an 
aeroplane, and that we may use them as we would a physiographer’s 
map. They have not this precision nor do their authors claim it for 
them. They represent simply a composite picture and do not reveal 
those individual variations and those zones of transition upon which all 
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histologists insist. Moreover, thera is a deliberately produced simplifi- 
cation about them, and the ,represent as though upon the exposed 
st¥{ace of the convolutions fegions that are in fact buried in the sulci. 
This is strikingly the case with the area gigantopyramidalis, as a 
comparison between „Campbells Plates I and IX will reveal. In its 
lower half this area is.wholly buried in the anterior wall of the fissure 
of Rolando, and would scareely appear on the surface in a picture which 
did not distort the cerebral contours. 

* The practical bearing of this digression is that while it may seem 
from @ study of the cortical maps to be a simple matter to ablate a 
portion of the area gigantopyramidalis, leaving the region immediately 
anterior to it intact, in practice the difficulty of a pure ablation of the 
area must be almost, if not quite, insurmountable. Yet, this is in fact 
what a pure motor cortex ablation means in Fulton’s hypothesis, though 
nof in his experiments. One has only to study the neurological 
literature dealing with the interpretation of symptoms to see how 
frequently an undue preoccupation with pictures, and a failure adequately 
to consider the organ they so imperfectly represent, has proved adverse 
to fruitful investigation. | 

That these various points we have discussed are not merely academic 
objections without practical bearing upon our subject, but are of the 
greatest significance, may ‘be seen in a case of so-called“ premotor 
cortex ablation ” reported by Bucy and Buchanan [5]. The case was 
that of a child with a residual spastic hemiplegia, athetosis of the 
affected arm, and recurrent epileptiform fits. To abolish the athetosis 
the writers excised that portion of the pre-central convolution which, on 
faradic stimulation, yielded movements of the effected limb. The area 
they excised is seen from their diagram to lie wholly within the “ motor 
cortex” of the physiologist, and almost wholly within the precentral 
convolution, yet becauge it lies anterior to the area gigantopyramidalis 
they describe it as a “premotor” ablation, for they regard the area 
gigantopyramidalis as identical with the physiological “motor cortex.” 

The case therefore stands on record in the literature as an example 
of the abolition of athetosis by ablation of the premotor cortex, and as 
an illustration of the destruction of an irritable focus (in this area) 
which was discharging disorderly impulses along an extrapyramidal 
path to the ventral horn cells. Manifestly these conclusions rest upon 
wholly erroneous premises. 

Conversely, if the authors’ localization of their lesion in the premotor 
cortex were correct, forced grasping should have ensued in the affected 
hand. It did not ensue. 
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In this discussion we have gssumed that the, cytological and 
physiological factors are essentially the} same in man and in the 
anthropoid, and all the evidence indicates that such an assumptigf is 
justified, for the histological areas are in alè important details the same 
In each case, and as far as we know the,“ excitable’ area of the cortex 


is also identical. , . 
d í m 
V.—QENERAL ConoLusions: THE NATURE OF THE CORTICAL 
REPRESENTATION OF MovEMENT. j 


In the series of papers dealing with a so-called syndrome ôf the 
premotor cortex, which we have passed under review, many problems 
have been raised with which we have not attempted to deal. Such are 
the nature of the complex of phenomena known as “ forced grasping,” 
the bilaterality of cortical representation of movements [6], the excita- 
bility of the premotor cortex, the occurrence of vasomotor disturbances 
and the cytoarchitecture of the premotor area [4]. 

To have considered all these diverse questions would have un- 
necessarily confused the three simple problems we set out to discuss ; 
namely, the evidence for the occurrence of a recognizable syndrome of 
the premotor cortex, the characters of the syndrome of the motor 
cortex, and the precise meaning to be attached to the terms “ motor ” 
and “ premotor.” 

Perhaps the last problem should have been considered first, for if 
these two terms do not embody precise and consistently employed 
conceptions, no hypotheses based upon them are likely to be valid. In 
the event we have found that these two terms have been used in a 
wholly arbitrary sense, and in so far as the term “motor cortex” is 
concerned, in a sense essentially different from that understood by all 
other workers in this subject. We have seen that this term is’a 
physiological one and cannot be used to indicate either the precentral 
area, nor that part of it known as the area gigantopyramidalis. It 
includes the entire precentral area and a considerable exéent of the 
intermediate precentral area (Campbell), and the failure to recognize 
this, although it has been clearly laid down by numerous authorities, 
has largely vitiated the evidence upon which it has been sought to 
erect two distinct syndromes, one of the.“ motor” and the other of a 
“ premotor ” area. 

An even larger question is raised by the conception of the cortical 
representation of movements embodied in the papers of Fulton and 
his collaborators. It is necessary that we should try and define 
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what we may understand by the expression “ cortical representation of 
movements.” . 

Various views on this Ai compete for acceptance. On the one 
hand, we have the view exemplified in the writings of Campbell—and 
adopted by Fulton gnd his cojlaborators—which makes of a cytoarchi- 
tectonic field (in this case, the area gigantopyramidalis) a physiological 
entity. This field is a kind of mosaic of points each of which represents 
a singlę muscle, or a muscle group (or even perhaps a movement, for 
if is not quite clear what Fulton holds on this point). Apparently only 
simple movements gre thought to result from the activity of this 
region. Indeed, it would seem that what is called “ motor power” is— 
in some undefined and indefinable way—represented here rather than 
“movements.” This field is sharply bounded in every direction, and as 
we cross its anterior border we enter abruptly another cytoarchitectonic- 
physiological field. In this are represented movements of quite another 
order, exemplified by the ‘highly integrated movements of the digits,” 
and here representation is in a measure bilateral. 

This field—or organ—is also sharply limited by surrounding and 
differentiated fields, whose functions presumably are equally sharply 
differentiated. 

The essential feature of this conception of cortical motor repre- 
sentation is that this embodies two quite distinct mechanisms, each 
co-terminous with a distinct cytoarchitechtonic field, each with its own 
separate functions, and each sharply circumscribed by anatomical 
boundaries. This is a conception that might be attractively depicted 
in a diagram, and we may be sure that it is in a diagram only that it 
can have any existence. 

At the other extreme we have the view that is exemplified in the 
Writings of Lashley. Here, any topographical localization of function 
in the cortex is frankly regarded as a fiction. Even the representation 
of the retina in the calcarine cortex is questioned by this school, whose 
doctrines are in a measure a reversion to that early view of Taine (cited 
by Hughlings Jackson) for whom “the brain is a kind of polypus, 
whose elements have the same function.” 

Between these extremes stands the conception of cortical represen- 
tation formulated by Jackson. Apparently, this is as far ahead of much 
current neurological thought as it was in Jackson’s own time, and it 
obtains no attention from either of the two schools we have mentioned. 
Perhaps the views of Lashley are a natural reaction from the rather 
naive “jig-saw puzzle ” hypotheses of cortical localization, but it seems 
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probable that in Jackson’s views is țo be ‘found the common ground on 
which both schools might meet and resolyatheir differences. 

Jackson’s doctrines nowhere find a singlé comprehensive expressio, 
but are to be found scattered throughout his various papers. The 
following brief statement embodies—it ig believed—;their essence. 

It is not necessary to recapitulate his conception of three levels of 
function; highest, middle and lowest, for his teachings on this point are 
widely known. It is particularly the highest and middle levels which 
concern us here, for the cerebral cortex provides their anatomical 
substratum. The excitable motor cortex of the physiologist is thé seat 
of the “ middle level ” of motor function. It has been evolved out of 
the lowest level, and in it are re-represented, or re-codrdinated, the 
simple and general movements represented in the lowest level. This 
re-representation consists in the synthesis of complex and special 
movements out of the simpler elements of the lowest level, and the 
experimental observations of Leyton and Sherrington have lent detail 
and confirmation to this conception. 

For Jackson, the “ prefrontal region” is the seat of his highest 
level. Here there takes place a further analysis and synthesis of 
movements represented in the middle level into the most complex and 
special movements of which the organism is capable.e 

There are no “abrupt” localizations in these two levels, and all 
movements are widely represented throughout them. Thus, Jackson 
says “the ‘arm centre’ in the Rolandic region is for me a centre 
representing movements of all parts of the body, but yet, movements of 
the arm very much more than any other movements.” Again, “ the 
central nervous system knows nothing of muscles, it only knows move- 
ments. .. . There are, shall we say, thirty muscles of the hand, these 
are represented in the nervous centres in thousands of combinations- | 
that is, as very many movements. It is just as many chords, musical 
expressions and tunes, can be made out of a few notes.” He gives 
examples of this multiplicity of representation, and a familigr example 
will occur to the clinician. Thus, in a partial hemiplegia, voluntary 
extension of the wrist is often lost while the power of voluntary clench- 
ing of the fist is retained. But in the latter movement the wrist is 
strongly extended. ‘This is to say, one representation of extension of 
the wrist is lost, but another and slightly different one (as a synergic 
movement) remains. Again, conjugate deviation of the eyes has no 
representation within the true motor cortex as a primary movement, 
but only as secondary to rotation of the head. Its representation as a 
primary movement lies elsewhere in the second frontal convolution. 
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These varioys representations necessarily require a great “quantity ” 
of grey matter, and Jacksoy gays “if is equally obvious that the larger 

ntity of grey matter representing numerous different movements 
must be made up of a great numbet of separate parts. Each move- 
ment, so far as it differs from gll others, must have so far special repre- 
sentation in the nervous centres. Greater differentiation of function 
implies greater physical Separation, however little different the move- 
ment may be from other movements, and however much of it may be a 
recoordination of other movements. So far as there is a degree of 
independence of movement, so far must there be a degree of separate- 
ness of representation of that movement by different cells in the nervous 
centres. And yet, of course, the separation is not isolation; on the 
contrary, the greater the differentiation, the more complete the integra- 
tion of the different elements, for they have to act together or in 
succession . . . I do not believe that nervous centres represent limited 
regions of muscles, nor even isolated groups of movements ... any 
part, especially such a one as the hand, is represented in innumerable 
places.” 

This quality of representation accounts for the lack of symptoms after 
local destroying lesions, and when any loss of function does ensue from 
such a lesion recovery takes place not because other units have taken on 
functions they never had before, but because those units, having functions 
closely similar to those of the units destroyed, they can act nearly 
as well for the functions of both. This is Jackson’s principle of 
compensation. 

But on this basis compensation can never be absolute, a fact which is 
also familiar to the clinician. ‘Thus, the victim of a cerebral thrombosis 
who appears on routine examination to have made a perfect recovery is 
hevertheless usually aware that some special movements of the affected 
hand and digits are gone for ever. If he previously played some musical 
instrument, he finds that his hand has lost some of its cunning for the 
task—~-songe of his “ special’’ movements have been lost. 

It is perhaps not surprising that those whose studies of the effects of 
cerebral lesions are confined to the monkey, or to some lower animal, 
should suppose that recovery can be absolute. The animal, with its 
scanty repertoire of special movements has not so much to lose, and the 
really detailed examination of its motor functions is necessarily difficult, 
if not impossible. 

We see, then, that on this view of cortical localization the absence of 
symptoms after a local destroying lesion does not mean that there is 
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no local representation. On the contrary, it bears witness to the 
complexity and highly specialized charactergof that representation. 

This theory of the cortical representation of movements’ postu 

o “jig-saw ” puzzle of rigidly deffned, separate local elements on the one 
hand, nor an undifferentiated cortex acting by mass on the other. 
These opposing notions we might almost define as being “ differentiation 
without integration,” and “‘integration withoft differentiatien ’’ respec- 
tively. Jackson’s conception allows of the special representaéion of 
every possible movement, and is compatible alike with the absence (or 
paucity) of symptoms after local destroying lesions, and with the spread 
and sequence of convulsion in states of instability of grey matter. It 
truly represents “differentiation with integration,” and would sppear 
to be thé only possible valid generalization of all the varied facts of 
clinical and experimental observation. ‘ 

And while Jackson placed his highest level of cortical motor function 
in the frontal lobe anterior to the excitable cortex, he did not separate 
it from the middle level by any such arbitrary cytological boundaries 
as are inherent in the view postulated by Campbell and adopted by 
Fulton. 

The conclusion we have reached, then, 1s that neither on anatomical 
nor upon physiological grounds can we accept the divrsion—of structure 
and of functions—made by Fulton of the cortical region lying anterior 
to the fissure of Rolando. It remains to summarize the actual facts of 
observation recorded by him and his collaborators. 

As far as it is possible to recognize two distinct syndromes resulting 
on the one hand from ablations within the precentral area, and on 
the other from ablations of the region immediately anterior to this, it 
appears that :— 

(1) Ablation of the precentral gyrus, or of that part of it lying next 
to the fissure of Rolando, is followed by a hemiparesis conforming in 
character to Jackson’s description given earlier, and resembling the - 
slighter degrees of hemiplegia in man. Some hypertonus has finally 
developed in the most paralysed parts of the limb and the tendon-jerks 
have shown a corresponding increase. After cessation of recovery there 
has been a residual loss of some special movements of the digits. 

(2) Ablation of the region lying immediately anterior to the last 
considered is followed in the chimpanzee by a very fugitive hemiplegia, 
which is either a “ neighbourhood symptom” or more probably due to 
‘actual encroachment of the lesion on the motor area, properly so-called. 
The sole residual defect appears to resemble that known to clinicians 
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as motor apraxja. Permanently enduring forced grasping does not 
ensue except in bilateral lesipys of this region. 

3) Ablation of the frontal convolutions anterior to both the preceding 
regions is followed, not by paralysis® or spasticity, but by a loss of 
spontaneous motor activity on the part of the animal, with a tendency 
to perseveration nde slowness of movement. Phases of restlessness 
may also appear. : 

(4) Forced grasping may appear, both in man and in apes, apart 
from either paralysis or spasticity, and cannot therefore be regarded as 
an integral part of a.syndrome in which all three are invariably present. 

(5) The so-called “premotor syndrome” is predominantly & 
syndrome of the true motor cortex and follows lesions within this 
experimentally delimited region. 

(6) There is only one kind of hemiplegia, though several degrees of 
this, and it is seen only. in association with lesions involving the true 
motor cortex and/or the pyramidal tract. 

(7) The more extensive the destroying lesion of the cortex in the 
region immediately anterior to the fissure of Holando, the more severe 
the degree of hemiplegia resulting and the more marked the residual 
defect. Accompanying this severe degree of hemiplegia there is 
commonly more marked hypertonus. 

In conclusion, there remain many problems in determining and 
analysing the disorders of motor function which ensue upon lesions of 
the anterior parts of the frontal lobes. Some of these disorders have 
been glimpsed in the course of the experiments we have considered 
and many others are familiar to clinicians. It is hoped to attempt 
some discussion of these in a subsequent paper. 


ADDENDUM. 


Since this paper was written another contribution to the subject 
has appeared (Proc. Californian Acad. Med., 1983-34), in which Fulton 
gives for the first time a comprehensive definition of what he under- 
stands by the term “ motor cortex.” It is as follows: “ The motor area 
is defined histologically as the region of the cortex containing in its fifth 
layer the large cells of Betz. It should be emphasized that the limits 
of the motor area are determined by its cellular structure and not by its 
electrical excitability.” 

The author does not indicate to his readere that the above usage of 
the term in question differs essentially from that hitherto generally 
adopted. It is perhaps better, therefore, not to regard it as a scientific 
definition but as something in the nature of a private ruling that a term 
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which has always rightly been applied to a certain cortical region in 
virtue of certain properties revealed by it, aball henceforth be applied to 
something different; namely, to a cortical region which contgfs 
pyramidal cells exceeding certain *arbitrarily determined and inconstant 
dimensions. Such a reading of the term “motors cortex” lacks both 
physiological value and anatomical precision, and-cannot be made the 
basis of any hypothesis of cortical motor ftfnctions. ° 
However, in concluding the discussion of this subject it may be 
noted that Fulton employs this special definition of the “motor 
cortex” only in connection with the investigations considered iù this 
paper. Where he is not concerned with the functions and syndromes 
of the premotor cortex, he appears to employ the term “ motor 
cortex” in the generally accepted sense. Thus in a paper with 
Dusser de Barenne (Journ. Cell. and Compt. Physiol., 1933, 2, 399), 
the terms ‘‘ motor” and “excitable ” as applied to the cortex are used 
as synonymous, and figures are given in which the motor cortex is 
depicted as of considerably greater extent than the area giganto- 
pyramidalis. In these circumstances, it may not be an unjust inference 
that theoretical considerations have had undue weight in the formula- 
tion of the arbitrary definition to which objection has been raised here. 
Further, the paper contains what appears tobe an important 
modification in the description of the “premotor syndrome.” As 
originally described, the essential defect symptom was a loss of highly 
integrated digital movements, but this symptom is now said to be in 
the nature of “an intellectual deficit” in consequence of which the 
subject has forgotten how to perform certain learned movements 
and has to relearn them. While this mode of expression involves a 
flight to psychological terminology, it does indicate what is probably a 
more correct assessment of the motor defect described by Jacobsen aftér 
ablation of the premotor area in the chimpanzee. Nevertheless, it 
profoundly modifies the original description of the premotor syndrome. 
Further, since Fulton regards the premotor cortex as the cortical 
representation of the “ extrapyramidal motor system,” we have the 
paradoxical conclusion that a destroying lesion of this system produces 
as its characteristic symptom “ an intellectual deficit.” This involves an 
entirely new conception of the functions of the extrapyramidal system. 
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THE DISORDERS OF MOTOR "FUNCTION FOLLOWING 
AN ABLATION OF PART OF THE. “LEG AREA” ” OF 
THE CORTEX IN MAN. 


BY F. M. R, WALSHE. 
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In the preceding paper (p. 49) the results of a — — 
lesion of the physiologically delimited motor cortéx were summarized as 
follows: (i) The immediate result is | widespread paralysis of move- 
ments of the affected limb, the special and varied movements of the 
distal part of the limb being most sevérely paralysed ; (ii) the large and 
simple movements of the proximal part of the limb recover early and 
completely, the special and more varied movements of the distal. part 
recovering more slowly and less completely, so that some of them are 
permanently lost or impaired; (iii) hypertonus develops in the most 
severely. paralysed parts of the limb; and (iv) the tendon-jerks become 
and remain increased. 

This state of affairs corresponds to the TE given by Jackson 
of partial hemiplegia and to the findings of Leyton and Sherrington in 
the chimpanzee and of Horsley in man. ` 

- It was noted, however, that Fulton employs the term “ — cortex ” 
in a special sense, restricting it to the. area giganto- — The 
By nerOme summarized above he attributes to a lesion. of the “ premotor 
cortex ’? and of its hypothetical extrapyramidal projection system. He 
would therefore regard the cortical ablations of Leyton and Sherrington 
and of Horsley as predominantly ‘‘ premotor.” 

From what we have learned of the distribution of the area giganto- 
pyramidalis it will be apparent that a pure ablation of this area is 
practicable only at its superior extremity, where its antero:posterior 
extent is considerable—some two centimetres in the adult human brain— 
and is not practicable elsewhere since the area in question is buried in 
the anterior wall'of the fissure of: Rolando lateral to the superior genu. 
_ Indeed, the motor representation of hand and finger movements in the 
cortex lies almost wholly frontal to the area gigantopyramidalis and 
contains relatively few “giant cells.” That is to say, the representation 
of these movements is a function of Fulton’s “ premotor cortex ” and its 
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extrapyramidal projection system ; & corollary to their hypothesis which 
Fulton and his CollaBorators,do not appear to have appreciated. 

If, then, in man we are —3 study the results of a pure ‘‘ motor cortex” 
ablation (in Fulton’s special, sense) it ean only be by the ablation of the 
superior extremity of the area gigantopyramidalis, of that part wherein 
movements of foot and toes are represented. In this region such’ an 
ablation is practicable. .« 

Through the kindness of Dr. Gordon Holmes the writer has had an 
Spportunity of examining, both before and after operation, a patient in 
whom an ablation of the superior extremity of the area giganto- 
pyramidalis was performed. He has also enjoyed the advantage of 
access to Dr. Holmes’ exhaustive notes of the case made over a long 
period of time. 

The ablation was one to which it cannot be objected that it encroached 
upon Fulton’s “premotor cortex.” Moreover, the case had the unique 
merit that the motor and reflex condition of the lower limb was entirely 
normal prior to the ablation. Thus all the changes effected in the limb 
by the ablation may be attributed to it. In this the case had advantages 
over Horsley’s and Bucy and Buchanan’s cortical ablations in man, in 
both of which the limb was not wholly hormal before operation. 

We may precede the record of this case by stating that the results of 
the ‘ablatiom corresponded exactly with the syndrome summarized in 
the opening paragraph of this paper, and in no way resembled Fulton’s 
hypothetical syndrome of the “ motor cortex "in man. 


E. L., an‘intelligent and educated girl, aged 11, first came under observation 
in 1938 with the following history: In 1929, at the age of 7, she began to be 
subject to attacks of “ spasm ” in the left foot and leg. These recurred with 
varying frequency until 1983, when she came under observation. They 
ogeurred at night. Bhe awoke to find the left foot and leg rigid and her 

‘headin a whirl.” If she got out of bed she found the left leg so weak that 
she fell. Sometimes, also, the left arm “went limp” so that she core 
anything held in the left dane: 

Enquiry revealed that the attacks were of three grades of ——— — 

Severe attacks.—She wakes up, the left leg is rigid, the foot rigidly plantar 
flexed and inverted. Consciousness is never impaired, but sometimes shé feels 
that she cannot breathe. The right leg may also go rigidly straight, but the 
face and right arm are never affected. In a few seconds the left leg “ jerks 
and trembles.” Headache comes on during the attack and may persist for some 
hours. The attacks last for from thirty to seventy-five seconds. When it 
subsides the left leg remains weak for some minutes and feels “ like a strange 
piece of wam flesh.” 

Milder attacks.—Onset as above, but the left leg only ———— The foot 
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goes rigid, the knee may be rigidly extended or may draw, up. The attack 
lasts for from twenty to sixty seconds. If st nding she has to seek support 
since the left leg is very weak, and so remains a a short time. 

Sleghtest attacks.—These consist golely in a feeling of numbness in the leg 
and foot lasting for some seconds and accompanied and followed by weakness 
of the leg. There is neither stiffness nor mevement of the leg. 

Examination at this time (1983) revealed no abndérmal physical signs in 
the nervous system. The left leg was normal fn every respect? but on one 
occasion a slight attack was observed and was found to be followedby the 
transient. appearance of an extensor plantar response in the left foot. . ° 

Repeated .examinations over a period of three weeks failed to reveal any 
abnormality in the left leg, or elsewhere. 

In July, 1934, the attacks increased greatly in frequency, as many as fifty 
a day being observed. An attack invariably occurred at the moment of falling 
asleep. Repeated examination of the nervous system revealed no abnormal 
physical signs. 

In November, 1934, the attacks were becoming more severe and auetered 
‘até all times. The leg was more rigid in the attacks. She fell if standing 
unless she grasped a support. The left arm tingled, went stiff and shook in 
the more severe attacks. The face remained unaffected, and consciousness 
was never impaired. At times the left foot felt fanny ” and the toes were not 
- under complete control. From three to eight attacks occurred daily. 

Repeated examination in the intervals between attacks revealed no abnormal 
physical signs in the nervous system ; the movements, tone, sensation and the 
refiexes in the left leg being normal. 

In December, 1934, from four to six attacks occurred daily. They began 
with an indescribable feeling in the left toes and foot, which ascended the 
limb to the waist. This might pass off without any ensuing spasm, but some- 
times the foot began to tingle, thento draw up. Sometimes the knee drew up 
also. The left arm became stiff and weak. Clonic jerks developed in both 
arm and leg. Some transient weakness of both arm and leg ensued. In what 
' the patient called “all over attacks-’’ the right limbs algo jerked, but legs 
violently than the left. The face was never involved, and al and con- 
sciousness remained intact. ° 

Examination on one occasion shortly after an attack E increased 
tendon-jerks in the left leg, and a tendency to ankle clonus. Thg abdominal 
and plantar reflexes were all normal. There was a defect of postural sensibility 
_in the left toes, but other modes of sensation were normal. 

On all other occasions the state of the limb was normal—and so remained 

until after operation. E 

Ou December 20, 1934, the right cerebral cortex in the Rolandic region 
was exposed (Mr. Julian Taylor). No abnormality of appearance, tension or 
consistency was found. The “arm area”? was found by faradic stimulation 
to be unexpectedly high on the ascending frontal convolution, and the area 
from which movements of the foot and. toes could, be elicited lay: mainly-on 
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the’ mesial aspect of the hemisphere, This region was then excised by a 
diathermic knife. 

Subsequent hestological ecarkination (Dr. Greenfisld) of the fragment of cortex 
removed (1'5 cm. in antero-posterior dimensions) revealed that its caudal 
portion had the structure of granular post-central cortex, hut anterior to this 
and to the extreme frontal endeof the fragment numerous Betz cells were 
found. Thus, the frontal ae of the area gigantopyramidalis were not 
transgressed? 

Seven hours after operations.—The patient was fally conscious and com- 
fortable. There was total loss of voluntary movements of foot and toes, left 
ankle clonus and a left extensor plantar response. There was impairment of 
postural sensibility in the hallux. 

Thirteen days after operation (re-examination by G. H. ma FE. M. R. W.).— 
There is a trece of paresis of the left lower face cn smiling, but not on move- 
ments carried out to order. There is slight paresis and slowness. of finger 
movements, especially of isolated finger movements. The outstretched left 
arm droops slightly. Its tendon-jerks are brisker than those of the right arm. 
The tone is normal. .The abdominal reflexes are present bilaterally, but are 
brisker on the right side. 

The left lower limb is not wasted. Its vaenus condition is normal. There 
is total loss of voluntary dorsiflexion, inversion and eversion of the foot. There 
is no dorsiflexion of any of the toes, but feeble plantarflexion of the two outer’ 
toes only. At the knee both flexion and extension are weak, the former more 
so than the latter. At the hip extension and adduction are slightly weak, 
flexion and abduction are weaker. All movements of the limb are slow and 
clumsy, and she can just fling up the extended leg so that the heel clears the 
- bed by about 6 in. The right knee and ankle jerks are normal, the left greatly 
exaggerated and there is clonus at the left ankle. The right plantar response 
is flexor, the left extensor. There is no hypertonus of the hip muscles, but 
slight of the knee extensors. There is considerable spasticity of the dorsiflexor 
muscles of the ankle and foot. 

There is slight impairment of postural sensibility in the toes, but cutaneous 
sensibility i is normal, 

Fifty days after operation Movements at the hip are now of normal 
strength, knee flexion remains slightly weak. There is weak dorsiflexion, 
inversion and eversion of the foot. All toe movements are defective. Left 
ankle clonus and increased knee and anklejerks remain. The plantar response 
is extensor. Sensibility is unchanged since last observation. 


Summary.—-Circumscribed ablation of that portion of the area 
gigantopyramidalis from which movements of foot and toe could be 
elicited on faradic stimulation is followed by total loss of all movements 
of the foot and toes, and by impairment of all movements of the limb— 
least of those of the proximal segment of the hmb, Rapid recovery of 
movements of the proximal part of the limb ensued, but movements of 
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the foot and toes still remained grossly defective after fifty days. Hyper- 
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tonus developed early in the most paralysed parts of the limb, and tended 
to increase in degree with the passage of time. Increase in the tendon- 
jerks was also an early phenoménon, clonas appearing within a few 
hours and persisting undiminished after fifty days. The plantar response 
was extensor in type from the outset. There was an initial ‘‘ neighbour- 
hood ” paresis of the face and arm, which soon ad ac 


Cancvusiona: : è 


In this case of localized convulsion of the left Jeg, beginning in the 
foot, the limb was in every respect normal in movements, tone and 
reflexes up to the moment of operation. The residual abnormalities 
that are described above may thus be attributed in their PRRIEERY to the 
cortical ablation. 

Both macroscopically and microscopically the lesion was within the 
area gigantopyramidalis, and therefore is—even in Fulton’s arbitrary 
connotation—a pure “‘ motor cortex ” ablation. . The residual state of 
the limb was one in which restoration of the movements of the foot 
and toes remained incomplete, hypertonus and increased tendon-jerks 
appeared, with ankle clonus and an extensor plantar response. 

This’ is the syndrome described by Leyton and Sherrington in the 
chimpanzee and by Horsley in man, and corresponds to the picture of 
partial hemiplegia given by Jackson in respect of the loss of movements. 
It does not resemble Fulton’s “‘ syndrome of the motor cortex ” m man, 
which we may therefore conclude to have no real existence. 

With the single exception of “ forced grasping ” we may also conclude 
that Fulton’s syndrome of ‘the “ premotor cortex ” in man is in reality 
a syndrome of the true motor cortex, and has nothing to do with a 
histologically and physiologically differentiated ‘ premotor cortex” and 
its extrapyramidal projection system. ar 

The writer wishes fo express to Dr. Gordon Holmes his thanks for 
the opportunity of observing and recording this case. . 


l * DIABETES INSIPIDUS. 


eBY J. H. BIGGART. 


(Laboratory of the Scotttsh Asylums Board, and Department of Pathology, 
P Edinburgh Universtiy.) 


Sinozk Thomas Willis [88] in 1674 differentiated between diabetes 
mellitus and diabetes insipidus many theories have been evoked to 
explain the pathogenesis of the latter disease.. 

‘Following the recognition of a diabetes insipidus the issue was made 
rather involved by the description of oxaluric diabetes, hippuric diabetes, 
phogphaturic diabetes and albuminuric diabetes. However, in 1841, 
Lacombe [28] gave a good clinical description of diabetes insipidus, 
and with the subsequent-work of Bernard [4]; this was established as a 
definite clinical syndrome. 

Since that time there have been three main epochs in the history of 
the syndrome. The first dates from 1860 when’ Bernard produced a 
similar syndrome in rabbits by puncture of the floor of the fourth 
ventricle. Such a puncture produces a polyuria of low specific gravity 
which, however, clears upin afew days. Bernard’s results were verified 
by Eckhard [13], Jungman and Meyer [20], and amplified by those of 
Kahler [21], who succeeded in producing a permanent polyuria by the 
injection of silver nitrate solution into the medulla in the neighbourhood 
of the restiform body. -More recently Dresel and Lewy [11] came to 
the conclusion that the area concerned was in the floor of the fourth 
ventricle, medial to the spinal tract of the trigeminal nerve, ventro- 
medial to the restiforma body and dorsal to the nucleus of the seventh 
nerve. When such were the results of physiological experiment it is 
not surprising that the attention of pathologists was focused on the 
floor of the fourth ventricle to the exclusion of the rest of the brain. 
Thus Mosler [27] describes a case associated with a tumour of the 
fourth ventricle. There is no description of the hypophysis. Fink [15] 
gives a review of the autopsy reports during this period which shows the 
absence of microscopic studies, and the varied nature and sites of the 
lesions deemed responsible. 

Following the work of Schäfer and Magnus [26 and 34], and 
Herring [18] on the active principle of the posterior hypophysis and its 
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` relation to diuresis the second period in the history of the disease may be 
said to have begun. At first it was believed that the posterior lobe extract 
produced a diuresis, and hence that diabetes insipidus could be explained 
on the assumption that this gland was oveyacting. The importance of 
the hypophysis as an mtiological factor was further demonstrated by the 
experiments of Cushing [8] (1910-1914), who sycceeded in producing 
the syndrome by hypophysectomy. Whilst the importence of this 

` gland in the production of the syndrome became accepted, there 
remained some doubt as to whether hypo- or hyper-function was tHe- 
basis of its action. -Finally, in 19138, Farini [14] and’ Van Der Velden 
[47] showed the controlling influence of injections of posterior lobe 
extract on the polyuria, and it became accepted in Germany, England 
and America that the syndrome was the result of hypofunction of the 
posterior hypophysis. i 

Meantime ın France, — and Roussy [6] (1918), following ‘up 
the work of Aschner [1], initiated the third and present theory of the 
pathogenesis of the syndrome. They showed that hypophysectomy in 
itself did not produce a polyuria, but that in those animals which 
developed the syndrome microscopic examination always revealed a 
lesion in the floor of the third ventricle. This view was confirmed by 
Leschke [24], Houssay [19], and Bailey and Bremer [2], who 
succeeded in producing polyuria by injuring the infundibulo-tuberal 
region. Richter [82], more recently, has succeeded in producing & 
permanent polyuria in rats by puncture of the hypothalamus anterior to 
the tuber cinereum, in the. region of the chiasma., The occurrence of 
diabetes insipidus in encephalitis lethargica, whether i in ‘the acute phase 
or as & sequela, has further emphasized the: importance of the hypo- 
thalamus in the pathogenesis of the disease. 

The pathologist is thus confronted with the remarkable facts that 
diabetes insipidus is a syndrome produced by 4 lesion of the anterior 
hypothalamus, but controllable A injections of posterior, hypophyseal 
extract. 

The following three cases were studied in an attempt to) correlate 
these observations :—~ 


Case 1.—The patient was a, nurse, aged 30. She gave a history of 
amenorrhoea for two and a, half years. Vision -had been blurred for six weeks 
and for six days before admission there had been a central owes of the left 
eye. 

Clinical examination showed moderate progressive: eoromegaly with 
bitemporal hemianopsia. 
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- Mr. Dott operated and removed a jarge pituitary adenoma by the right 
transfrontal approach. The patjent recovered well after the operation but was 
found to have a post-operative diabetes insipidus. Full vision returned and 
apart from the polyuria she became perfectly well, and was able to return 
home. - It was possible to control the polyuria by injections of pituitrin—I c.e. 
four times per day. S?x weeks afttr her return home patient developed some 
obscure cerebral catastrophe - = was re-admitted unconscious. She died 
within a few *hours. ` 

At past-mortem the adenoma was found to have been almost removed, & 
sthall fragment being adherent in the recess at- the right of the optic chiasma 
and about the anterior end of the right optic tract. The cause of death was 
not clearly ascertained. i 

Histological examination of the adenoma showed that it was composed very 
largely of eosinophil cells, the alpha granules staining quite well. The 





Fig. 1.—Oase 1. Diagrammatic represen- Fra, 2,—Case 1. Diagram illustrating the 
tation of area involved by the injury. It will extent of tha lesion on coronal section. The 
be noted that the fibres.coming from the tuberal region has escaped, O.T. == Optic 
nucleus supra-opticus to the posterior lobe of tracts, 
the hypophysis and the pars tuberalis are 
interrupted. S == Nucleus supra-opticus. 
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adenoma was large and had destroyed the posterior lobe. No pars tuberalis 
could be found. ‘The hypothalamus showed sa small nodule of unremoved 
adenoma; Small areas of softening were present in this region. Around each 
area, of softeging there was a dense astrocytic region, the astrocytes showing 
sign of division (two nuclei) and having swollen cytoplasm—" gemistete 
cells.” Inside this zone of gliosis were numerous compound granular corpuscles. 
The areas involved are shown in figs. 1 and 2. 

it would seem that these areas represent the result of injury at operation, 
and as-the diabetes insipidus was of post-operative onset if is permissible to 
regard these as the essential lesions in this case. 

Case 2.—The patient was a man, aged 57 years. In 1981 he complained 
of rétro-sternal -pain -iù the left side of the chest. The heart action was satis- 
factory, though there was occasional irregularity due to extrasystoles. The 


PLATE 1. 





Fic. 3,—Case 2. Section shows the anterior (A.L.) and posterior (P.L.) lobes of the hypo 
physis. Stained H. and E. Magn. 8 diameters. The posterior lobe is completely occupied 
by a mucin-secreting papillary adeno-carcinoma, The pars tuberalis is also destroyed. 





Fic. 6.—Case 3. Section through upper part of the infundibulum. There is gross infil- 
tration with mononuclear cells. H.and E. Magn. 100 diameters. 


To illustrate paper by J. H. Biggart. 
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blood-pressure some years ago ranged between 150 and 160 mm, Hg., but 
recently it had been about 115 mm. Å" 

In June, 1933, patient began to experience intense and almost continuous’ 
thirst, and to pass very large quantiéies of uring. The urine was of low specific 
gravity and contained no albumin or sugar. The condition was diagnosed as 
diabetes insipidus. It was controlled by injections of pituitrin—1 c.e. twice 
daily. 

Two months after the onset of the polyuria the patient began to suffer 
from headache. This was generalized in character. His doctor notifed some 
papilleedema of the left eye. This slowly progressed in both eyes. There 
was also a complaint of tinnitus. The blood Wassermann was strongly 
positive. 

Examination showed a somewhat emaciated man. The cranial nerves were 
normal with the exception of some papilladema and a few hemorrhages in the 
left retina. Except for a slight degree of arteriosclerosis the general examina- 
tion was negative. The Wassermann was positive in the cerebrospinal fluid, 
and the protein showed a definite increase. X-ray showed no deformity of 
the sella turcica, or clinoid processes. : 





Fic, 4.— Case 2. Diagram to show the site and extent of the metastases. Note that the 
tuberal region is relatively uninvolved. Fibres from the nucleus supra-opticus to the posterior 
lobe of the hypophysis are destroyed. S — Nucleus supra-opticus. T — Tuber cinereum.* 


The clinical opinion was that the patient was suffering from an inflamma- 
tory process involving the basal meninges and the tuber cinereum—probably a 
basal syphilitic meningo-encephalitis with consequent polyuria, fluid’obstruction 
and some degree of hydrocephalus. 

A bilateral subtemporal decompression was performed by Mr. N. M. Dott 
on October 22, 1933. 

For two days patient was very well, but on the afternoon of the second day 
he developed a rigor. After two hours the temperature rose to 102° F., the 
heart became irregular, and the pulse feeble. Thirty-six hours later he died. 

At post-mortem only the brain could be examined. The meninges were 
thin and translucent. On section of the brain many small jelly-like nodules 
were found scattered throughout its substance. One such nodule had entirely 
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replaced the postegor Iqbe of the hypophysis and the infundibulum. Micro- 
scopic studies showed that the small nodules were tumour tissue, the tumour 
being a mucin-secreting papillary adeno-carcinoma. The whole of the posterior 
lobe and stalk was found replaged by the growth, and no pars tuberalis could 
be identified around the upper end of the infundibulum. A small nodule was 
also present in the tuberal region’ above the ventral nucleus (Plate I, fig. 3). 
There was no evidence of a syphilitic basal meningitis. The anterior lobe of 
the hypophysis showed a small metastasis at its antero-inferior pole. The 
ggneral distribution of the tumour in the diencephalic region was found by 
serial section, and is shown in fig. 4. Whilst deposits were numerous in the 
cerebral cortex, and not infrequent in the cerebellar cortex, there were none 
in the brain-stem or medulla. 

The nature of the tumour suggests that it is a secondary deposit from a 
tumour of the alimentary tract. 

Anatomical diagnosis: Multiple carcinomatous metastases in brain; 
(?)*primary growth in alimentary tract; replacement of posterior hypophysis 
and infundibulum by tumour; metastasis in hypothalamus. 

Case 3.—The patient was a female, aged 54 years. She complained of 
thirst and polyuria, which had begun seven weeks prior to admission to the 
Royal Infirmary. The onset of these symptoms was accompanied by headache 
of a generalized nature. A few days after the onset of the illness the patient 
had attacks of vomiting which were unrelated to the taking of food. She 
gradually lost weight. 

On examination she was found to be rather drowsy and stupid. The skin 
was dry, harsh and inelastic. There was an internal strabismus of the left 
eye. On admission she had Argyll Robertson pupils, but on examination a 
few days later the pupils were found to react normally. The other cranial 
nerves were normal, and genera¥ examination revealed no abnormality except 
an inflamed throat. Temperature normal; pulse 90; respirations 20. The 
urine contained no sugar, albumin or acetone. Its specific gravity was 1,003. 

Whilst in hospital the patient was noticed to drink large quantities of fluid. _ 
and to suffer from polyuria. This was not controlled by injections of pituitrin. — 
“A week after admission she developed a temperature and her pulse-rate 
increased. Her throat became markedly inflamed and she developed a painful 
inflammation below the angle of the jaw on the left side. She continued in 
this state fer some days and then developed a bronchopneumonia, and died 
three weeks after admission. 

At post-mortem the main findings were marked inflammation of the tonsils 
and pharynx with involvement of the tissues of the neck, acute splenic tumour, 
and toxic changes in the liver, kidney and heart. There was con genital absence 
of the left kidney. The brain showed marked congestion of its surface with 
small subarachnoid hemorrhages. The pituitary and infundibulum appeared 
normal. 

On section of the fixed brain there was no prose change except. — 
Histological examination showed an encephalitis affecting the medulla, the 
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periaqueductal region of the mid-brain® the substantia enigra@and the anterior 
hypothalamus. There was no demyelinizatien. In the regions affected there 
was marked perivascular cufling with lymphocytes and plasma cells, and some 
destruction of the ganglion cells. The process was most intense in the anterior 
part of the hypothalamus. In this region the area involved is shown in fig. 5. 
Apart from a little infiltration of the meninges over the corpora mamillaria the 
posterior hypothalamus was not involved. In the anterior region the nucleus 
supraopticus was completely destroyed, and was replaced by an area of intense 
gliosis, many of the astrocytes having large swollen, rather hyaline celf bodies. 
The nuclei of the tuber were also destroyed, and in serial sections scarcely a 
nerve-cell could be found. The inflammatory process extended into the upper 
part of the infundibulum which was grossly infiltrated with lymphocytes and 

'i 





Fic. 5.—Case 3. Diagram to show the area of the hypothalamus involved in the encepha- 
litis. The area includes the nucleus supra-opticus and the nuclei of the tuber cinereum and 
the upper part of the infundibulum. 


plasma cells (Plate I, fig. 6). Some large globoid cells resembling “ gemiistete ” 
glial cells were found in the stalk. The pars tuberalis was also infiltrated by 
inflammatory cells, though no degenerative changes could be appreciated in 
the glandular epithelium. The anterior hypophysis was normal, and the 
posterior lobe showed no changes. There was no increase in colloid or pigment. 
The infundibular process of the third ventricle was surrounded by a dense wall 
of gliosis, in which division of the astrocytes was still taking place. 

Anatomical diagnosis: Acute tonsillitis; cellulitis of the neck: acute 
splenic tumour; toxic changes in all organs; history of diabetes insipidus ; 
acute epidemic encephalitis ; involvement of anterior hypothalamus, infundi- 
bulum and pars tuberalis. 


— 
DIscussIon. 

Tt will be seen that these three cases, whilst furnishing the same 
clinical syndrome, have a very varied pathogenesis, one traumatic, 
one neoplastic, and the third encephalitic. Apart from the cases 
Lhermitte [25] and others of the French school have traced to a 
syphilitic basal meningitis involving the hypothalamic region they 
cover the usual causes of the syndrome of diabetes insipidus. Fink [15], 
in his analysis of 107 cases, found that 63 per cent. had tumours of the 
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base of the brains 13 per cent. had syphilitic processes, 8 per cent. were 
due to non-specific inflammatery lesions, 5 cases showed tuberculosis, 
whilst 12 cases were due to trauma. It is probable that these figures 
give a ‘somewhat erroneous impression,’as it would seem from a review 
of the recent literature that diabetes a is not uncommonly found 
in epidemic encephalitis. 
| All these*cases have in common a lesion of t the hypothalamus, whilst 
tyo of them (Cases 1 and 2) have a concomitant lesion of the hypo- 
physis. Before discussing in more detail what nuclei and tracts are in- 
volved it is necessary to review the anatomy of this region. Greving [17], 
Pines [29], and Croll [10] following the earlier work of Cajal [6] and 
Tello [35], have demonstrated a bundle of unmyelinated fibres which. 
_ taking origin in the nucleus supraopticus, is distributed in the posterior 
lobe of the hypophysis, the supraoptic-hypophyseal tract. According 
to Cajal some of these fibres end in the pars intermedia, whilst a 
recurrent branch supplies the pars tuberalis. Other fibres end on the 
cells of the pars nervosa. It is generally thought that these are efferent 
fibres. Greving has also shown that the nuclei of the tuber cinereum 
send their fibres into the mid-brain—tractus tuberalis descendens. The 
experiments of Beattie, Brow and Long [3] suggest that hypothalamic 
fibres even enter the spinal cord. 

The origin of the secretion of the posterior lobe is still unknown, but 
wherever it is formed it is probably not in the cells of the pars nervosa, 
which appears to consist of a rather specialized form of gla, a connective 
tissue frame-work and blood-vessels. Whether or not the colloid bodies 
described by Herring [18] and emphasized by Collin [7] and Cushing [9], 
are the histological evidence of the secretion there is no positive know- 
ledge. The facts are that a biologically active substance can be. 
extracted from the posterior lobe and the tuber cinereum, but that both 
of these areas are sheathed in an epithelial covering of glandular tissue— 
the pars intermedia and pars tuberalis—and it is most likely that it is 
in these ghandular areas that the so-called posterior lobe secretion is 
manufactured. Ablation of the pars nervosa leads eventually to an 
increase in the “ pituitrin ” content of the tuber cinereum, but as this 
is accompanied by a hyperplasia of the pars tuberalis it is still conceiv- 
able that the secretion finds its way into the nervous tissue from the 


Si epithelial investment (Rubio [33], Trendelenburg [36]. The presence 





of the secretion in the nervous tissue seems at any rate to indicate the 
i direction: of its flow. 
In 1930 Popa and Fielding [30] described a peculiar venous repom, 
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from the hypophysis. The sinusqids of the glandulay portions collect 
into'veins which ascend the stalk, and',there break up into capillaries 
around the nerve-cells of the tuber cinereum. They. named this the 
hypophyseal-portal system. Ifeone is permitted to reason from this 
anatomical finding it would appear that it represents a mechanism for 
bringing the secretions of the hypophysis into.relationship with the 
nerve-cells in this region. Whether the’ path of absorption of the anti- 
diuretic factor be by this venous circulation, or along the inéerstitial 
glial network, appears to be a matter of little note. In either case it 
will arrive in contact with the nerve-cells of the tuber cinereum and 
perhaps also with those of the supraoptic; and para-ventricular nuclei. 

Assessed in the light of these anatomical findings it will be seen that 
in Case 1 (figs. 1 and 2) the supra-optic-hypophyseal tract is interrupted 
by the traumatic lesion. The cells of the nucleus tuberis and nucleus 
supraopticus are largely intact, though some of the cells of the latter 
nucleus show regressive changes. In Case 2 there is again interruption 
of this tract without any direct damage to the nuclei. The pars 
tuberalis is involved in both cases. In Case 3 there is destruction of 
both groups of nuclei with inflammatory involvement of the pars tuber- 
alis. Clinically Cages 1 and 2 agree in both reacting to injections of 
the anti-diuretic factor of the posterior hypophysis. Case 38, however, 
failed to react. The injury of the various structures concerned is shown 
in Table I. 


TABLE I, 












Injury to — foe aa tract 
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7 39 Pars tu ig 
s jg Pars Eero 
»  „ Para intermedia 
',, Pars anterior 
' Reaction to Pituitrin :. 
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The — anatomical difference of seeming importance is the integ- 
rity of the nuclei in Cases 1 and 2, and. their absence in Case 3. This 
difference, however, seems to be of importance in that it points to a 
central action for the anti-diuretic factor, i.e., this secretion produces its 
action through one or other of the nuclei which have been destroyed in 
Case 8. That it is the tuberal ‘nuclei through which this action takes 
place is rendered probable by- the: existence of the tractus tuberalis 
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descendens, and by a consideration, of the experimental work of the 
French school. Such.a centrgl action is further rendered probable by 
Cushing’s experiments .[9].. It is also supported by the fact that 
pituitrin will not control the.polyuria whilst the patient is asleep (Labbé 
and Azerad [22]) or under ‘anwsthesia.: Cases refractive to pituitrin 
are also. obtained experimentally by tuberal damage (Dreyfus 12)). 

Whilst the French school (Gilbert, Villaret and Saint-Girons [16], 
Rathery [31]) divide diabetes inspidus into two types: (1) of hypo- 
physeal origin, and (2) of nervous origin: it would seem, if this central 
action of pituitrin is admitted, that the two types can be reconciled. 

The following figure is an attempt to explain these varied findings 
(fig. 7). 





Fie, 7T.-Diagram to illustrate the sites of the lesions producing diabetes insipidus (vide 
— 8S == Nucleus supra-opticua; S; == the tract described by Greving; O == Tuberal 
nuclei; CD == Tractus tuberalis descendens ; A, B, O, D represent possible aites of injury, 


° A lesion at “A” may produce a polyuria by interruption of the 
gupra-optic-hypophyseal tract. This division would presumably lead to 
a diminution of the secretion of the anti-diuretic factor, but this would 
be compensated for by the pars tuberalis which escapes. ` In fact accord- 
ing to Rubio [33] the pars tuberatis will hypertrophy. A lesion at “B” 
will cut off the secretory fibres to the whole epithelial investment of the 
pars nervosa and .pars tuberalis, and so lead to the establishment of a 
permanent diabetes insipidus. Such a case, however, will be control- 
lable by injections of pituitrin as the effector pathway from the nuclei of 
the tuber cinereum is still intact (Cases 1 and 2). A lesion at C or D, 
however, which, destroys the effector. pathway (Case 8), will result in 
a polynria which is refractory to treatment. According- to. Dreyfus 
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such cases are rare in human pathology, and congtitu but 5 per cent. 
of all cases of diabetes insipidus. å 

Such a theory would also embrace the ‘experimental polyuria of 
Bernard and Kahler, and in the ase of the permanent polyuria produced 
by the latter if would be proof of the gheory if pituitrin were without 
effect. t oa 

It will be seen that the present explanation of the — 
differs from that of many modern authors in that the lesions ere con- 
sidered paralytic in nature and not irritative. It is difficult to imagine 
a lesion which will continue merely to irritate over a period of years. 

Whether or not complete destruction of the hypophyseal tuberal 
mechanism would eventually be compensated for by some lower centre 
remains a matter of conjecture. Newton and Smirk’s [28] recent work 
on decerebrate hypophysectomized cats suggests that such a theory is 
feasible, and may explain the gradual en cian of the polyuria i in 
_ some chronic cases. 


SUMMARY, 


(1) Three cases of diabetes insipidus are described. 

(2) On the basis of these and of the cases recorded in the literature 
an attempt is made to explain the mechanism by which the disease is 
produced. 

I am indebted to Dr. Dott for the clinical records of Cases 1 and 2, 
and to Colonel Harvey of the Royal College of Physicians’ Laboratory 
for the specimens. To Dr. Comrie I am indebted for the clinical 
record of Case 3. . 
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FAMILIAL DEGENERATION OF THE CEREBELLUM 
i IN ASSOCIATION WITH EPILEPSY., 


A Report oF Two CASES, ONE WITH PATHOLOGICAL FINDINGS. 
6 


BY FREDERIOK T. THORPE. 
(South Yorkshire Mental Hospital, Sheffield, ) 


T'HE primary cerebellar atrophies have always provided the neuro- 
pathologist with material for speculation and a considerable amount of 
attention has been devoted to the difficult task of separating them into 
various morphological types; difficult because there are relatively few 
cases in which the disease is limited to the cerebellum. In fact, it is 
well known that both the non-familial and the familial instances of this 
disease have presented manifold combinations of lesions of the cerebellar 
cortex and its connections in the brain-stem and spinal cord, with the 
result that numerous gradations exist between Friedreich's spinal ataxia 
and the cerebellar cortical atrophy of _André-Thomas. They repre- 
sent a heterogeneous group of cerebello-spinal degenerations which 
Raymond [1] would regard as examples of a premature physiological 
senescence localized to certain organic systems, and in which the histo- 
pathological picture is subject to individual or familial variations. 

Certain fairly well defined types, however, can be recognized, and 
with regard to the so-called acquired cerebellar atrophies, most neuro- 
logists are willing to accept the triple division proposed by Marie, Foix 
and Alajouanine [2], viz.: primary parenchymatous atrophy of the 
cerebellar cortex (delayed cortical cerebellar atrophy); olivo-ponto- 
cerebellar atrophy, and olivo-rubro-cerebellar atrophy.’ From an 
anatomical standpoint such cases are exceptionally pure, though it is 
impossible to differentiate them clinically, and several transitional types 
have been described. Ramsay Hunt [3] has reported a case of primary 
atrophy of the dentate systém in association with Friedreich’s disease, 
and more recently Greenfield [4] described two cases of spino-cerebellar 
degeneration occurring sporadically in elderly patients. 

Unfortunately adequate histopathological studies have been scanty 
and the number of verified cases of the cortical and olivo-ponto-cere- 
bellar atrophies are scarcely more than twelve of each type, while the 
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olivo-rubro-cerehellar atrophy is at present limited to one case. More- 
over, the olivo-pontine type hag shown occasional familial incidence, but 
the cortical type has not, unless one includes the four cases in one 
family described by Holmes [5], of which the only one verified showed 
Lan olivo-cerebellar atrophy. 

It is with these facts in mind that the following report is made upon 
two epileptio brothers, each of whom developed a cerebellar syndrome 
in middle life. One of them has recently died from phthisis, thus 
affording an opportunity of examining his central nervous system, which 
revealed a pure cortical cerebellar atrophy As far as I have been able 
to study the literature, this appears to be the first case of familial 
degeneration in: which the atrophy was limited to the cortex. The 
association with epilepsy is also unusual and deserves special 
consideration. 


The family.—This consists of 12 children, 7 males and 5 females. Six of 
them are at present alive, and with one exception have all been recently 
examined by the author. 

The father died at the age of 75, and is reported to have been strong and 
healthy. He was a chronic alcoholic, as was his brother and father, but he 
worked as an engine driver until 70. The mother, an only child, died at the 
age of 72, and was not related to the husband (no consanguinity). Her gait 
was apparently normal. There is, however, a strong history of tuberculosis, 
and her mother and two uncles died from this disease. 

Of the children, No. 1, the eldest, is now 54, and shows no cerebellar 
symptoms, J 

No. 2 was killed in a pit accident at the age of 27. 
~- No.3 is 49 years of age, has not been examined, but is reported to be normal. 

No. 4 (Case 1 described later) suffered from epilepsy since infancy ; 
developed a cerebellar syndrome at 41; died of pkthisis at 46. 

. Nos. ß and 6 were twins and both died when 7 to 8 months old from 
marasmus, . : 

No. 7 died when one month old from whooping-cough. 

No. 8 (Casé 2 described later) suffered from epilepsy since 19; developed 
cerebellar aéaxia at 37; living, aged 41, an inmate of the South Yorkshire 
Mental Hospital. 

No. 9, aged 40, shows no abnormality. À 

No. 10 was killed in the War at the age of 20. 

No. 11 is now 37 years of age and must be regarded as a suspicious case. 
He is not epileptic but exhibits a fine tremor of the facial muscles when 
talking and his gait shows a slight defect of equilibration. When walking heel 
to toe he staggers a little and he also admits stumbling in the house, especially 
when tired. Noother abnormality can be found and at present it is impossible 
to say with certainty that there is a cerebellar defect. 
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No. 12, = 32, appears normal: ` 

No further information could be obtained regarding the * ollateral lines, as 
apparently they are few and mostly extinct, and there is no history of any 
relative having suffered from ataxia or epilepsy. 

The important features of the family history are the presence of excessive 
alcoholism on the paternal, and tuberculosis on the maternal, side. No 
member of the family has suffered from epilepsy with+the exception of the two 
brothers described below. ° 

Case 1.—Fred P., the fourth child of the family, had slight epileptje fits at 
the age of 3 years, but at 11 he was having definite major epilepsy occurriħg 
regularly both by day and night. At the age of 25 he began to show mental 
symptoms necessitating certification, and was, on June 3, 1913, admitted into 
the South Yorkshire Mental Hospital. His certificates state that he was 
violent and excited, threatening his mother and shouting that he was the 
“prophet of God ” and the “ Holy Trinity.” 

He remained in the hospital until his death at the age of 46. His first 
twelve years of residence were uneventful, and the records state that he was 
in good physical condition but a typical unstable epileptic, averaging three to 
six fits per month. At 38 he had an attack of typhoid fever from which he 
made a good recovery. 

He was first noticed to be unsteady on his feet at the age of 41, when he 
frequently stumbled or fell down in the ward. A physical examination at 
about this period revealed a definite ataxia of both legs. He was then having 
three to four typical major fits every month, and his treatment consisted of 
luminal gr. 8 per ‘diem. He was well nourished, of good physique and no 
skeletal deformities were noticed. The cardiovascular and respiratory systems 
presented no abnormality. A neurological examination, however, revealed 
well-marked inco-ordination of lower limbs. His gait was said to be like 
that of a drunken man, swaying unsteadily on a wide base. There was no 
Rombergism. ‘The knee-jerks were present and equal and the plantar reflexes 
flexor. Normal abdominal reflexes were elicited. The pupils reacted normally 
to light and there ‘was no nystagmus. Both arms showed definite ingo- 
ordination during the finger-nose test, and his speech was slow, drawling and 
deliberate. 

During the next two years his ataxia gradually increased, and at 48 it was 
found necessary to keep him more or less in bed. He died from pulmonary 
tuberculosis in May, 1983, at the age of 46. 

Oase 2.—Bertram P., the eighth child of the family, has been subjected to 
. a more detailed clinical examination. 

He was apparently healthy until the age re 19 when, as a result of his fret 
epileptic fit, he fell off his horse during a gun practice of the Royal Field 
Artillery. More fits followed and he was discharged from the Army. 2 

During the next thirteen years -epilepsy became firmly established and he 
apparently indulged fairly frequently in alcoholic excesses. ` He carried on an 
occupation of groundsman, however, until the age of 38, when signs of mental 
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instability appeared. He was then admitted into the South Yorkshire Mental 
Hospital in May, 1925, "with a history of violence and excitement, attacking 
other people and threatening to injure himself. Physical examination revealed 
no abnormality and his gait was noted tp be steady. He remained in the 
hospital for a period of five months, during which time he had three to four 
fits per month of both majorand minortype. He was discharged and remained 
at home for the next six ‘years under a more temperate régime. 

At the age*of 40, however, he became mentally unstable again and was re- 
admitted but this time with a marked ataxic gait. Both the patient and his 
relatives report that he first began to be unsteady on his feet at about the age 
of 87. He is now 41 years of age, snd the following account describes his 
condition at the present time. 

He is of good physique and shows no muscular wasting. His height is 
5 ft. 8 in. and his weight 10 st. 7 1b. In his general appearance there are no 
marked departures from normal and no signs of skeletal deformities, such as 
scoliosis or pes cavus. There is, however, a slight deformity of the left knee 
due to an old injury. 

No abnormality can be detected in the cardio-vascular or respiratory 
systems. The blood-pressure is 110 systolic and 85 diastolic. The pulse is 
normal in rate and volume and there are no signs of arteriosclerosis. The 
urine shows no albumen or sugar and a blood-count revealed no noteworthy 
change. 

The cerebrospinal fluid is clear, colourless, and not under pressure. The 
cells number 1 per c.mm.; total protein 0°06 per cent.; globulin slightly 
increased (Nonne-Apelt one plus); Wassermann negative; colloidal gold 
0011221110.. The spinal fluid thus shows a slight isolated increase of protein 
such a8 may be found in any degenerative condition of the central nervous 
system. 

Neurological examination reveals a well-marked cerebellar symptom-complex 
as shown by a general disturbance of muscular co-ordination. As he sits in 
the chair a fine rhythmic tremor of the head is noticed, and there is a similar 
fine tremor of the hands and fingers as he rests one hand in the other. These 
-atatic tremors are not constantly present but appear intermittently. 

When requested to walk he stands up holding himself rigidly, fixes his eyes 
on the course to be taken, and with much deliberation and concentration starts 
off rather captiously. He walks on a moderately wide base, swaying slightly 
from side to side and holding the head and trunk stiff and in a position slightly 
in advance of his lower limbs. His legs move in a stilted manner and his 
arms, though held stiffly, swing slightly at the shoulders. The hands look 
awkward owing to an unnatural extension of the fingers. In this manner he 
manages to walk fairly well, even with his eyes closed, and there is no tendency 
to deviate to either side of a straight line. But when he has to change direction 
or turn round, he immediately staggers and almost falls over. It is impossible 
for him to take more than two or three steps forward heel to toe, but there is 
no evidence of retro- or anteropulsion. Romberg’s test is slightly positive, for 
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though he can stand fairly still with his eyes open, heesways a little when they 
are closed. * 

Special cerebellar tests reveal a marked asynergy of voluntary movements 
in all four limbs. Such movements are carried out in an awkward and stiff 
manner, accompanied by a hypertonia of the muscles, an exaggeration of the 
associative movements, and an excessive display of force. The heel to knee is 
carried out with fair accuracy, though at first he is “inclined to lift the heel 
high in the air before placing it either a little above or below the knee, but 
improvement is quickly gained on the second or third attempt. The*finger,to 
nose testis also performed with good orientation, both with eyes open and 
closed. When carried out quickly, however, there is a distinct hypometria, 
the finger always making an abrupt stop about 2 in. from the nose before 
being carried to its final destination. This sudden check is not followed by a 
recoil, and therefore constitutes a true "freinage ” reaction (bradyteleokinesis) 
which the French attribute to a lesion of the cerebellum. 

In this patient “ freinage” can be elicited in both arms with the eyes open 
or closed, and when the finger finally rests on the nose there develops a slight 
unsteadiness or rubbing-in motion (defective fixation). When the test is 
carried out slowly, a slight intention tremor develops as the finger approaches 
its objective, but it is carried without a check to its termination only to be 
followed by the rubbing-in motion. The above phenomena can be equally 
demonstrated by the finger to finger test. 

When asked to hold both arms out horizontally, they sway up and down, 
but do not deviate outwards. There is a marked dysdiadochokinesis during 
the pronation-supination test, the movements being slow, irregular and 
obviously requiring much effort. Manipulative movements of the hands are 
all performed in an awkward, clumsy manner, his fingers giving the impression 
of being “all thumbs.” He is awkward when using scissors or buttoning up 
his clothes. When asked to toss a coin in the air he takes a long time to adapt 
the coin on his fingers, and when, with many facial contortions, he eventually 
‘jerks it in the air he is unable to catch it. The finger-thumb test as described 
by Holmes is-oarried out with fair success. ° 

Writing is a very laborious procedure. He grips the pen tightly in his 
right hand and writes slowly without tremor, but with many pauses and 
occasional spurts. with the ‘result that the letters are irregular, wavy and 
ragged. His attempt to draw a circle or a square demonstrates hss inability to 
keep his pen on a straight course. The tendency to hypometria is also shown 
by his attempts to draw a straight line between two dots, for he invariably 
stops short of the second dot. 

Experiments with Bérdiny’s pointing tests give rather indefinite — 
There appears to be a tendency to mispoint outwards from below upwards and 
downwards from without inwards, but both are inconstant and socuracy is 
quickly obtained. When asked to touch, point 10 in. above the bed with his 
foot, there is marked overflexion of the limb, and the left leg shows distinct 
unsteadiness and frequently falls short; of the mark. With his eyes closed 
his attempt at writing a figure 8 in the air with his foot is quite good. 


102 ORIGINAL ARTICLES AND OCLINIGAL CASES 


There is no etident» hypotonia except perhaps in the arms. It is difficult 
to get him to relax, but there is a alight flabbiness at the wrist and the Stewart- 
Holmes rebound phenomenon is occasionally obtained. The muscles become 
hypertonic on every attempt af movement? Cerebellar catalepsy could not be 
demonstrated, and there is no apparent decomposition of movements.' It is 
difficult for him to sit up from a dorsal position, and in doing so he raises both 
legs high above the bed. There is no paralysis or paresis of any muscle 
groups. 

° Speech is slow, monotonous, deliberate and characterized by frequent long 
pauses. He gives the impression that considerable effort is required to 
formulate his words, although he is able to shout. 

All cranial nerves are normal. The pupils are equal, regular, and react 
well to light and accommodation. Ocular movements are normal in range 
and there is no nystagmus. A rough test of the visual fields shows no abnorm- 
ality, and the fundi are normal. No vestibular defect could be found when 
using the caloric test. 

The abdominal reflexes are diminished, but a definite contraction can be 
obtained in the umbilical region on both sides. A heavy blow is required in 
order to elicit the knee-jerks, but they are present, equal, and not pendular. 
The ankle and arm jerks are obtained with difficulty, and the plantar reflexes 
are both flexor. 

No disturbance can be found in the sensory system—touch, pain, thermal, 
joint and stereognostic tests all giving normal results. 

We may say, therefore, that this patient exhibits a profound general 
disturbance of all purposive movements, as shown by muscular inco-ordination 
and asynergy. Furthermore, there is a hypotonia during repose (arms) and a 
marked hypotonia during muscular action. 

It is evident also that the cerebellar defect is to a great extent compensated 
by cerebral control and correction, for his every movement appears to require 
constant voluntary attention and effort. In fact, when cerebral influences are 
diminished or abolished, as frequently occurs during the temporary confusion 
fotlowing an epileptic fit, he is then unable to stand. and has been seen to spin 
round like a top. - 

Epileptic fits have been occurring regularly since admission with a frequency 
of four to six per month. They are typical epileptiform seizures of the greand- 
mal type afd show tonic and clonic stages. No evidence of an aura can be 
elicited, and there is no opisthotonos suggesting the so-called cerebellar fit. 
He has several scars on his head from falling during fits. Myoclonic spasms 
are infrequent, but they have been observed occasionally, especially during 
sleep. He bites his tongue and frequently has involuntary micturition. His 
treatment has been luminal 8 gr. every night. 

Mentally he is rather apathetic and lacking in concentration. His memory 
is slightly impaired, but-his general intelligence seems fair. He is quarrelsome, 
impulsive and quick tempered, but shows no delusions. 
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PATHOLOGICAL EXAMINATION OF CASE „l. 


The autopsy was carried out three and a half hours after death, and, 
apart from general emaciation, the external examination revealed no 
notable abnormalities. The left pleural sac was thickened and contained 
pus. The left lung exhibited an advamced stage of chronic ulcerative 
phthisis limited to the upper lobe, and there was*an apical fibro-caseous 
lesion in the right lung. The heart was small and the feft ventricle 
dilated. The myocardinm was soft and flabby. There was no atheroma 
in the aorta. The liver presented a nutmeg appearance due to chronic 
venous congestion. The spleen appeared normal. Both kidneys 
showed evidences of chronic intestinal nephritis, the capsule being 
slightly thickened and adherent. 





` Fig. 1.—Upper surface of cerebellum, showing atrophy of the folia and widening 
of the sulci. 


The skull-cap was normal in size and thickness and the dura mater 
healthy. The whole brain before section weighed 1,280 grm. The pia- 
arachnoid appeared slightly thickened over the vertex, but it stripped 
easily and without decortication. The external appeargnce of the 
cerebrum was normal apart from slight generalized atrophy of the con- 
volutions. There was no abnormality of the circle of Willis and no 
appreciable arteriosclerosis. The lateral ventricles were slightly dilated, 
but the ependyma was healthy. The weight of the cerebrum was 
1,120 grm. 

The cerebellum was obviously smaller than normal, and showed 
marked atrophy. The weight of the brain-stem and cerebellum was 
130 grm. instead of the normal 170 grm. The loss in weight of the 


+ 
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Fic, 2.—Sagittal section in the median plane of the vermis of (above) Case 1, showing 
atrophy of the folia, especially marked in the culmen and clivus; and (below) an epileptic, 
aged 32, with approximately the same weight cerebrum. Both were photographed with the 
same magnification for comparison. 





FiG. 3,—Sagittal section through the centre of the right cerebellar hemisphere, showing 
marked atrophy of the superior surface at A. 
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cerebellum may therefore be considered as approximately one-quarter. 
Although the cerebellum showed a general reduction in size, on closer 
examination it was evident that the atrophy was more marked on the 
anterior and superior surfaces, “particularly in the superior vermis, 
semilunar and quadrilateral lobules, and owing to the disappearance of 
the normal ridge-like elevation of the superior vermis (monticulus cere- 
belli) the upper surface of the cerebellum was quite flat afd the folia 
appeared shrunken and widely separated (fig. 1). On the anterior surface, 
there was a marked exposure of the middle peduncles as a result of the 
shrinkage of the folia round the great horizontal fissure. The inferior 
surface, on the other hand, presented a more or less normal contour, 
although the folia were smaller than normal (fig. 2). Palpation of the 
cerebellum revealed a normal consistency. The meninges appeared 


healthy. X 





Fic. 4.—Weigert-Pal preparation of upper dorsal region of the spinal cord, showing an 
asymmetry of the two halves due to a deepening of the postero-lateral groove on one side. 
Note the distortion of the posterior root. 


Sagittal sections through the vermis and lateral hemispheres further 
demonstrated the generalized atrophy, but with focal emphasis almost 
sharply limited to the folia of the upper surface of the organ (figs. 2 and 3). 

The pons, medulla, and cervical cord were normal in size and shape. 
The dorsal region of the cord, however, was abnormally slender and 
presented a peculiar ribbed appearance due to a deepening of the postero- 
lateral grooves (fig. 4). Sections of this region of the cord showed an 
asymmetry due to the postero-lateral groove on one side being deeper than 
the other, with consequent shortening and widening of the posterior 
root. The lumbar region of the cord was normal in size and shape. 

Histological examination.—The brain and spinal cord were fixed in 
formalin and pieces taken from various levels for staining by the following 
methods: Toluidin blue for Nissl granules; Victoria blue for fibrillar 
neuroglia; Bielschowsky’s silver method for neurofibrils ; Haematoxylin 
and scharlach R.; Weigert-Pal and Marchi methods for myelin sheaths. 
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The absence of the Purkinje cells — a clear — e — 
giving the appearance of superficial cleavage of the outer border of the | 


- granular layer. At the junction of the molecular and granular layers, — 


especially at the free borders of the atrophic folia, there was frequently 
a definite band of irregular dark-staining neuroglia nuclei (Bergmann’s 
glial cells). 

The depth of the molecular layer was reduced by a half to a third 
over the crests of the folia, and in some parts there was an obvious sub- 
pial belt of neuroglial fibres. The outer third of this layer showed a 
status spongiosus, and there were frequent accumulations of corpora 
amylacea. 

The granular layer showed a marked rarefaction in addition to a 
reduction in depth. There was a definite loss Of granule cells and a 
disappearance of their normal cluster arrangement. The white centres 
of the folia appeared normal (figs. 5 and 6). 

In sections of the inferior surface of the cerebellum, there was a less 
severe affection of the cortex. Here the main incidence of the disease 
appeared to fall on the Purkinje cell layer, the molecular and granular 
layers presenting an almost normal appearance. The Purkinje cells 


F were frequently normal in number but many exhibited varying degrees 





Tat degeneration from a mild chromatolysis to pale shadow forms. In 


several pasts, however, there were large gaps in the line of cells. 


Anderson’s Victoria Blue method showed very little gliosis apart 
from slight thickening of the radial fibres of Bergmann in the molecular 
layer, and a narrow band of sub-pial seling at the free Pordon of the 
atrophic folia. 

With Bielschowsky’s method, the — folia showed : a crowding 
of the fibrils, many of which appeared to be abnormally thickened. The 
horizontal and radial fibrils of the molecular layer and the fibrils of the 
granular layer were well shown, and apparently not much reduced. The 
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Fic. 5. —Niss] section of the superior vermis at the bottom of the sulgus post-centralis. 
The folium on the right is part of the culmen and shows marked atrophy of the molecular 
and granular layers, and disappearance of the Purkinje cells, leaving a clear zone. The 
folium on the lett is part of the lobus centralis, and is relatively normal, but it contains only 
a few degenerating Purkinje cells, 

Fic. 6.—Nissl section of the crest of an atrophied folium showing a belt of irregular 
dark-staining neuroglial nuclei in the intermediate layer, In the centre is a disintegrating 
Purkinje cell, 

Fic. 7.—Bielschowsky preparation showing a “torpedo” or spindle-shaped swelling on 
the axon of a Furkinje cell, 

Fic. 8,—Section of the cerebellar cortex stained by Bielschowsky’s method, showing the 
preservation of the basket fibres and absence of Purkinje cells. 


To illustrate paper by Frederick T, Thorpe. 
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basket fibres were also in many places well preserved, ewen in the most 
atrophic regions (fig. 8). In sections frem the upper surface of the 
cerebellum the few remaining Purkinje cells presented a large fusiform 
swelling on their axons situated & short distance from the base of the 
cell, and in the outer third of the granular layer (fig. 7). These spindle- 
shaped swellings have been described by Bouman as torpedoes or 
“ Axonschwellungen.” They are almost as large as the Purkinje cell 
and are impregnated homogeneously with silver stain, although? smal] 
vacuoles could occasionally be seen. 

Sections of the upper surface stained by Weigert-Pal method revealed 
a distinct loss of myelinated fibres in the central white matter of the 
atrophic folia. ‘The meninges and blood-vessels everywhere presented a 
normal appearance and no sign of an inflammatory reaction could be 
found. The central white substance of the hemispheres shared in the 
general reduction in size, with the result that there was an apparent 
overcrowding of nuclei, but no appreciable gliosis could be found in the 
_ Victoria Blue sections. l 

The cells of the corpus dentatus and roof nuclei were normal in 
number and size, but in the Nissl preparations the ganglion cells were 
pale and frequently showed an increase of lipofuchsin granules and an 
eccentricity of the nucleus. There was an increase of neuroglial nuclei 
between the ganglion cells of the dentate nuclei but no loss of fibres 
could be detected in the Weigert-Pal sections. 

Brain-stem.—In this region very little abnormality could be detected, 
although sections were taken from various levels and stained by 
Weigert-Pal and Nissl’s methods. No evidence of tract degeneration 
was found in the cerebellar peduncles or in the pyramidal fibres. The 
“nerve-cells of the red nucleus, nuclei pontis and motor nuclei of the 
medulla all appeared healthy. The cells of the inferior and accessory 
olives were normal in number and size, but their cytoplasm showed no 
Nissl’s granules and stained darkly and homogeneously, although the 
nuclei and nucleoli were well preserved. There was no eexcess of 
neuroglial nuclei between the nerve-cells of the olives. 

Spinal cord.— Weigert-Pal, Marchi, and Nissl preparations were 
made from the cervical, dorsal and lumbar regions of the spinal cord. 
No tract degeneration could be found, and no loss of myelinated fibres 
in either the pyramidal or spino-cerebellar tracts. The anterior and 
" Jateral horn cells at all levels appeared normal or showed only slight 
chromolytic changes. The cells of Clarke’s column were not reduced 
in number but showed marked chromatolysis. Throughont the grey 
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column the bloed-vegsels appeared engorged, while here and there small 
capillary hemorrhages could be seen. The spinal meninges showed no 
abnormality, nor could any inflammatory reaction be detected. 

In all sections of the dorsal regiorf of the cord there was a marked 
deepening of the postero-lateral groove on one side, at the bottom of 
which the posteriore root appeared broadened and distorted. This 
produced a‘peculiar asymmetry of the two halves. 

Cerebrum.—Nissl sections of the prefrontal lobes, the hippocampus 
and basal ganglia showed no abnormality. In sections of the motor 
cortex, however, the majority of the Betz cells were undergoing 
chromolytic changes and many had been reduced to pale shadow forms. 

Swmmary.—To sum up, we have in this family of twelve members two | 
brothers who were afflicted with the same symptoms, viz.: A typical 
idiopathic epilepsy followed, after a period of some years, by a gradual 
development of a pure cerebellar syndrome characterized by an ataxic 
gait, inco-ordination of movements in the upper limbs, and a slow, 
drawling speech. 

In the case of the elder brother, epilepsy began at the age of 
_8, and the cerebellar symptoms at 41, but in the case of the 
younger brother epilepsy did not appear until the age of 19, yet the 
cerebellar symptoms developed at 37. Theres is, therefore, a marked 
difference in the length of time between the onset of epilepsy and the 
manifestations of cerebellar dysfunction in these two cases; viz., 
thirty-eight years in one, and eighteen years in the other. 

It is difficult to decide with certainty the order in which the 
cerebellar symptoms appeared, as in both patients the upper and lower 
limbs were equally affected at the time of examination. The dis- 
turbance of gait would naturally attract more attention, and in both 
patients it was the first symptom to be observed. 

There was no nystagmus, and no motor paralysis or sensory 
disturbance. The tendon reflexes were unaffected and there was no 
disorder af the sphincter function. . Both patients presented mental 
disturbances which were established long before the onset of cerebellar 
symptoms, and were no doubt dependent upon the epilepsy. 

The additional features of interest observed in the second case 
consisted of static tremors of the head and limbs, hypertonia during 
movement, and a hypometria of the upper limbs producing a typical 
freinage reaction. 

The anatomical basis of these cerebellar symptoms was found at the 
autopsy of the first case to be a degenerative affection of the cerebellar 
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cortex, and it is reasonable to assume that the same condition exists in 
the cerebellum of the brother now living, In the former, the duration 
of the cerebellar syndrome was approximately five years, when the patient 
died from phthisis, and the cerebellum was found to be reduced in size, 
and to have lost about one-quarter by weight. The folia were shrunken 
and atrophic, especially on the upper surface of the organ, including the 
superior vermis, quadrilateral and semilunar lobules. ° 

Histologically the essential change appeared to be a primary 
degeneration of the Purkinje cells, starting in the laminæ of the superior 
surface and gradually spreading to those of the lower surface. The 
basket fibres were very little affected. The narrowing of the molecular 
layer, the rarefaction of the granular layer and the shrinkage of the 
white matter were apparently secondary to the disappearance of the 
Purkinje cells and fibres, for in the most atrophic folia all three cortical 
layers were equally affected, whereas in the least atrophied folia of the 
inferior surface the pathological process was limited to the Purkinje 
cells. The blood-vessels and meninges were normal. 

The increase of pigment in the cells of the corpus dentatus cannot 
be regarded as important because such changes are common in advanc- 
ing age and in this particular case there is the additional factor of the 
terminal toxemia. There were no tract degenerations in either the 
brain-stem or spinal cord, and the mild chromolytic changes found in 
the cells of the inferior olives and other nuclei were in all probability 
due to the terminal condition. No changes of note were found in 
cerebral cortex and basal ganglia, apart from chromatolysis and 
commencing disintegration of many of the Betz cells. The asymmetry 
and smallness of the dorsal region of the spinal cord must be regarded 
as a developmental defect. 


DISCUSSION. 


The cerebellar syndrome.—The cerebellar lesion in the above cases 
may be truly described as a chronic parenchymatous degeneration of 
the cortex and it in no way differs from the sporadic cases which Marie, 
Foix and Alajouanine have called the delayed cerebellar atrophies. The 
predominance of the atrophy in the superior face of the organ, which 
was 80 well marked in my case, is characteristic of the whole group, and 
roughly corresponds to Edinger’s conception of the palseo-cerebellum. 
Mathieu and Bertrand [6] point out that the vermis usually appears 
more atrophied than the lateral lobes, and suggest that this is due to 
the longer folia and deeper sulci of the former. The axon-swellings 
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of the Purkinje cells are also a constant finding and would appear to 
indicate an early lesion of these cells. They have been well described 
by Bouman [7] who found them in cases of senile dementia, amaurotic 
family idiocy, juvenile paralysis, and Huntington’s chorea. He regards 
them as identical with the local swellings of the neurons sou by 
Cajal in injuries to the cerebellar cortex. 

Primary parenchymatous degeneration of the cerebellar cortex is at 
preseyt limited to twelve cases and these have been recently reviewed 
‘by Parker and Kernohan [8]. They were all of the non-familial type 
and as far as I have been able to study the literature the two cases 
described above appear to be the first familial cases in which the lesion 
‘is confined to the cerebellar cortex. 

Holmes, however, has described four cases of cerebellar degeneration 

in one family, but a pathological study of one of them revealed, in 
addition to a typical cortical affection, a sclerosis of the inferior olives. 
This case has therefore been called olivo-cerebellar atrophy, although 
Holmes considered the olivary lesions to be secondary to that of the 
Purkinje cells. All four cases were very similar to mine, and there 
appears to be very little justification for separating them into two 
groups. The olivary lesion in Holmes’ case could be explained by the 
long duration of the cerebellar symptoms, viz. 35 years, as compared 
with five years in my case. On the other hand, Van Bogaert and 
Bertrand [9] hold that the Purkinje cell degeneration is frequently a 
trans-synaptic extension and not necessary to the degeneration of the 
cerebello-petal fibres; as has been shown by cases of olivo-pontine 
atrophy in which ‘the cortex is not affected. Marie, Foix and Alajouarine 
also regard the pure atrophies of the cerebellar cortex as separate and 
independent affections. 
* From a clinical standpoint, the cases of familial degeneration of the 
cerebellum differ from the sporadic forms only in their tendency to 
appear at an earlier age. In the twelve sporadic cases reviewed by 
Parker apd Kernohan, the average age of onset was 62, whereas in the 
two cases described above the onset was at 41 and 87. In Holmes’ 
four familial cases the onset was at 36, 38, 85 and 35 respectively, 
while Stone [10] has recently published a clinical report (not verified 
by post-mortem) of two typical cases affected at 334 and 37, whose 
father and great-uncle in the first case and paternal uncle in the second 
case, were similarly affected at 36, 37, and 34; respectively. 

The familial forms would thus appear to occur with great regularity 
in the fourth decade with an average agë of onset at 37. 
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The clinical manifestations are essentially similar in the whole group 
of cases, viz. a gradual and insidious onset of muscular Inco-ordination, 
involving the body symmetrically, progressing steadily and slowly over 
a number of years to helplessness eand death from intercurrent disease. 
In the majority of cases the lower limbs were affected before the upper 
and speech became monotonous and drawling. Nystagmus is unusual 
but in some cases there have been nystagmoid jerks on latergl deviation 
of the eyes. Hypotonia is also rarely prominent, and its absenge has 
been attributed to the slow development of the disease and the con? 
sequent influence of cerebral compensation. 

In the second case described above, all voluntary movements were 
accompanied by a hypertonia, a phenomenon which has been observed 
in several of the published cases. R. Brun [11] offers an explanation 
of this when he states that the cerebellum may possess at the same 
time tonic centres and inhibitory centres working in equilibrium, tHe 
dentate and roof nuclei (tonic centres) being under the inhibitory in- 
fluence of the lobes and vermis. Lesions of the dentate nucleus and 
superior peduncles would therefore cause hypotonia and lesions of the 
afferent system and cortex, hypertonia. 

The olivo-ponio-cerebellar type of atrophy has already shown occa- 
tional familial incidence, and it is evident that the same may be said of 
the pure cortical type. In fact, both conditions may be inherited as a 
Mendelian recessive in a manner similar to that of Friedreich’s disease, 
which also frequently occurs in a non-familial form. There appears to 
be in these cases an inherited endogenous tendency to early degeneration 
(abiotrophy) of the cerebellar system of neurones. Such a tendency 
may be limited to’ an individual or it may occur in familial form. In 
the former case, it has been suggested by Marie, Foix and Alajouanine 
that the degeneration may be produced or precipitated by an exogenous 
infection, but such a history is by no means constant, and the evidence 
rather unconvincing. 

The close association between cerebellar atrophy: and Friedreich's 
disease is borne out by the presence of a slender and asymmetrical cord 
in the first patient. Similar developmental defects are not infrequently 
found in Friedreich’s disease. 


THE RELATIONSHIP BETWEEN CEREBBLLAR ATROPHY AND | 
EPILEPSY. 
The two cases of cerebellar atrophy described above are somewhat 
unique in the fact that they were the only two members of the family 
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suffering from , epilepsy. At first sight it might appear that the 
cerebellar atrophy was in some way specially connected with the 
occurrence of epileptic fits. There is, indeed, abundant evidence to 
show that epileptic fits frequently praduce degenerative changes in the 
cerebellar cortex. 

Spielmeyer [12] has devoted — attention to this question, and 
has discovered characteristic cell degenerations in the cornu ammonis 
and cerebellum in as many as 80 per cent. of epileptic brains. He 
fegards the changes in the cerebellum as similar in principle and also 
as frequent as those of Ammon’s horn. These consist of scleroses—a 
proliferation of the neuroglia in the molecular layer, which replaces the 
degenerated nervous tissue substance and, above all, the loss of Purkinje 
cells. He also suggests that these changes are related to the mechanical 
factor responsible for the seizures; i.e., they are ischemic changes 
résulting from angiospastic constriction. Spielmeyer believes that the 
cornu ammonis and the Purkinje cell layer of the cerebellum have a 
relatively unsatisfactory local blood supply, and are therefore peculiarly 
sensitive to any partial hindrance to the circulation. In this respect 
Uchimura [13] has demonstrated that vessels in these areas are unusually 
long and tortuous, and that the capillary network is less abundant than 
in other parts of the brain. 

It would appear, therefore, that secondary degenerative changes in 

the cerebellar cortex are a common occurrerce in idiopathic epilepsy. 
But such changes consist of focal areas of atrophy and sclerosis, and 
-are rarely severe enough to produce clinical symptoms. They are of a 
different order to the widespread diffuse and symmetrical atrophy found 
in the group of primary degenerations of the cerebellum, of which the 
case above described is a typical example. 
e» On the other hand, degenerative lesions of the cerebellum with 
clinical manifestations have been found in cases of myoclonus epilepsy. 
Such cases have been recorded by Haenel-Bielschowsky [14] and 
Ramsay Hunt. The latter author reports four sporadic cases of 
epilepsy and myoclonus which also showed signs of cerebellar dysfunc- 
tion, consisting of generalized intention tremors, scanning speech, 
dysmetria, dysdiadochokinesia, hypotonia and -«asthenia. Unfortu- 
nately the anatomical basis of their cerebellar symptoms could not be 
ascertained, but a histological study of a similar case associated with 
Friedreich’s disease suggested that a “ primary atrophy of the dentate 
system ” was responsible. 

It is evident, therefore, that primary cerebellar atrophy occasionally 
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occurs in subjects of myoclonus and,epilepsy. In fhe to cases I have 
described. there was a long-standing epilepsy, but no myoclonus. The 
epilepsy and cereoellar symptoms may be considered as manifestations 
of two distinct disorders in the same individual, for, as pointed out by 
Ramsay Hunt, combined forms of the various congenital, familial and 
hereditary types of nervous disease are by no means uncommon. Many 
such instances have been described by Jendrassik [I5]. The combina- 
tion of epilepsy and Friedreich’s disease excites little comment, but in 
view of Spielmeyer’s researches the occurrence of a cortical cerebellar 
atrophy in an epileptic is of special interest and suggests the possibility 
of a closer pathological association between these two conditions. 


RESUME. 


A familial form of primary parenchymatous atrophy of the cerebellar 
cortex is described, in which two brothers, at the ages of 41 and 37 
respectively, developed a progressive ataxia of legs and arms, and a slow 
drawling speech. The anatomical basis of these symptoms was ascer- 
tained in one of them after a duration of five years, and was found to be 
a pure cortical type of cerebellar atrophy. The cerebellum was reduced 
in size by approximately one quarter, and showed a generalized symme- 
trical atrophy with marked emphasis on the upper and anterior surface, 
especially the superior vermis and quadrilateral lobes. Histologically, 
the essential lesion was a diffuse destruction of the cells of Purkinje. 
This particular type of atrophy has heretofore only been described in 
non-familial cases, unless one includes the Holmes family of four cases, 
of which the only one examined histologically revealed an olivo- 
cerebellar atrophy. 

Familial degeneration of the cerebellum occurs more often in males, 
and the onset is between the ages of 32 and 41, whereas non-familial 
forms tend to occur at ẹ much later age. Both forms are assumed to 
be due to an endogenous degenerative process or abiotrophy, but in the 
sporadic cases there may be an additional exogenous infective or toxic 
factor. 

The frequent combination of cerebellar atrophy and lesions of the 
spinal cord is mentioned, and in the case described a developmental 
defect of the cord was found, which suggests a latent association with 
Friedreich’s disease. ? 

The two patients described were subject to epileptic seizures which 
had been present for thirty-eight and eighteen years before the onset 
of cerebellar ataxia. The cerebellar lesion, however, was not the focal 
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ischemic type which, Spielmeyer finds in most epileptic brains, but a 
gross generalized atrophy typical of the primary degenerations. 

The association of cerebellar atrophy and epilepsy in these two cases 
is regarded as accidental, and merely represents the not uncommon 
occurrence of a predisposition to two independent nervous disorders in 
one individual. . 


I wish to express my thanks to Professor A. J. Hall for his helpful 
advice and criticism; and to Dr. Arthur Pool, the Medical Superin- 
tendent of the South Yorkshire Mental Hospital, for permission to 
publish these cases. 
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THE FRONT TAL LOBE IN MAN: A CLINICAL STUDY OF 
| MAXIMUM REMOVALS! 
BY WILDER PENFIELD AND JOSEPH EVANS, r 
Montreal. . 7 


* 


REMOVAL of very large areas of the human brain in neurosurgical 
practice offers an opportunity for detailed neurological study, especially 
in the occasional case which fortuitously presents many of the conditions 
which would’ be demanded of a physiological experiment. Three cases 
of radical removal of large portions of one frontal lobe have been selected 
for this communication because of unusual opportunity for study before 
and after operation and because the excised portions of the brain could 
be accurately examined. 

Advance in knowledge of the functions of the frontal lobes is difficult 
to secure because of the fact that substitution of one cerebral region for 
another is no doubt possible, and there may well be bilateral represen- 
tation of many cerebral processes which take place in this terra incognita. 
Furthermore, animal experimentation can contribute little, as all animals, 
even the anthropoids, possess but rudimentary prefrontal development 


and it is impossible to explore the finer thought processes of speechless 
animals. 


Extirpation of a tumour, however radically carried ont, does not 
provide a perfectly satisfactory subject for study, as tumours often dis- 
place cerebral tissue to a great extent without destroying the tissue or 
its function. The only tumour cases which are acceptable for investi 
gation are those in which an infiltrating neoplasm has made it advisable 
to resect a large block including brain and tumour. The cases, however, 
which are most useful for our present purpose are those af "patients 
suffering from chronic epilepsy due to a focal lesion of such a type and 
situation that lobe amputation offers the only hope of relief from the 
seizures. 





Case 1—R. I, R.V.H. Right frontal extirpation ; calcified oligodendro- 
glioma. 

This case offers an unusual opportunity in that the patient was observed 
closely from childhood onward and the removal was radical. The patient WAS 
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43 years of age. Occasional "splitting? headaches began at the age of 14. At 
the age of 20 there was a Jacksonian seizure. This was followed by a series 
of such seizures at 28 years of age and another at 33, at 34 and at 40 years. 
From 40 to 43 years of age, when operatton was carried out, there were occa- 
sional small Jacksonian attacks. 

Dr. Colin Russel, who examined her for us on her arrival in Montreal in 
November, 1928, found bilateral papillædema, left plantar extension, compara- 
tive weakness of the left arm and leg, and he made the observation that she 
was “ mentally not up to her own standard in looking after household 
arrangements.” 

A right frontal osteoplastic craniotomy was carried out by one of us (W. P.) 


— 


P J >. ms âs ~ 
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Fig, 1. —— sketch showing the extent of the removal in Case 1. This is the 


unprompted conception of the artist who was present at the operation. 
. 


and a large, partially calcified oligodendroglioma was exposed. It infiltrated 
the frontal lobe but did not involve the anterior pole. Tumour and lobe, except 
for precentral gyrus, were resected en bloc. Fig. 1 indicates the extent of 
removal as it appeared to the artist who was present at operation. 

It is always difficult when dealing with an expanding lesion to know how 
much the cerebral tissue has been rarefied and displaced without being rendered 
functionless. Therefore we have indicated in fig. 2 our conception of the site of 
removal by the continuous line to which the arrows point. An infiltrating 
tumour does not displace brain to the same extent that a slowly growing encap- 
sulated one does, but it does displace it somewhat so that the line of crosses 
in the same figure gives an estimate of the cerebral tissue actually destroyed 
which is safely conservative. 

The operation was carried out under local anesthesia. She may have lost 
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consciousness for a short time when there was a sharp hemorrhage, but she 
was otherwise alert during the procedure, spoke to the operator frequently and 
talked intelligently about her children, her chief preoccupation. At the end of 
six hours of this operative onsen ghe apologized for having made so much 
trouble ! 

That night she slept at long intervals. Twice during convalescence she 
was catheterized, but otherwise recovery was entirely*uneventful and she was 
out of bed in two weeks. Neurological examination on discharge was entirely 
negative although she was not subjected to so searching a sensory examination 
as the next case. Two months after operation she had returned to her owh 
family and during the year which followed lived a happy and essentially normal 
life as will be described in the discussion to follow. 
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Fic. 2.—Case 1. The solid line indicates the line of removal; the crosses indicate a 
more conservative éstimate of the cerebral tissue actually removed if the displacement which 


the tumour may have produced be considered. . 


My instinctive reaction (W.P.) was to withhold this case from publication. 
The patient was my only sister. But the close bond of sympathy that had 
existed between us for many years makes it possible for me to qyaluate the 
effect of the loss of the frontal lobe upon her personality and her mental 
capacity. My opinion at all events must be interpreted in the light of this 
personal relationship and if she were alive I am sure she would approve of 
such an analysis in the hope that it might help others. 

After this case had been presented before the Association for Research in 
Nervous and Mental Disease the following letter was received from Professor 
Russel, which is now printed in full as it expresses his opinion of the case. 

‘ Because of my great interest in her I would have liked to contribute to 
he discussion of the condition of your sister following lobectomy. You will 
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remember that Isat and talked to her during the operation and left her only 
at about 5 o'clock when you were cleaning up. You showed me how much of 
the anterior lobe had been removed, and one could see in the midline the 
falx perfectly clean, 

“ I dropped in to see her between 8 and 8.30 that evening and although she 
was somewhat nauseated and had been vomiting, probably the result of the 
local anwsthetic, she expressed her appreciation of what she considered my 
kindness in giving up my time, so perfectly and with so much courtesy that it 
was really very impressive. She said that she had felt so afraid of causing 
you distress by making an exhibition of herself and that I had helped her. 





Fic, 3.—The brain of Case 1 as seen at autopsy, two years and five months after the opera- 
tion of figs. 1 and 2, The anterior portion of the amputated pole is recurrent neoplasm. 


When I remarked that the only exhibition I had seen was one of the best 
exhibitions of courage that it had been my fortune to witness, she expressed 
her gratitude so nicely that one could not help wondering how much the 
frontal lobe had to do with the higher association processes. Of course, as you 
have already said, it is not so much the frontal lobe as a slow growing tumour 
that involved the frontal lobe, and probably the function of that lobe had been 
gradually taken on by other parts of the brain. 

‘During her convalescence I so often would get her to discuss books that 
she had read, and her memory was so good, and she showed such good 
judgment in her criticisms that I cannot help but feel that her feeling of 
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inadequacy explained in her letter to you when she asked for some means of 
sharpening up her intelligence might very well be explained by the fact that 
she had been a very conscientious mother of several children who had neglected 
her social contacts on account of her domestic duties, and was feeling the lack 
of facility in social intercourse. It is not an uncommon experience under such 
circumstances.” 

Her condition following operation will be taken up im detail in the discussion 
to follow. ° 





Fia. 4.—The same brain as fig. 3, seen from below. 


Twenty-two months later, following a rather sudden reappearance of 
symptoms, she was re-operated upon at our request by Dr. Harvey Cushing 
who found a recurrence of the tumour and removed it again without any 
further amputation of cerebral tissue. She continued to feel well but six 
months later died from hemorrhage into the tumour and autopsy again showed 
neoplastic recurrence. Thanks to the kindness of Dr. Carl Rand of Los 
Angeles, who performed an autopsy, we can show a photograph of her brain 
(figs. 3 and 4). It will be seen in fig. 3 that there is sufficient regrowth of the 
tumour to make the hemisphere appear about 3 to 5 ecm. longer than it really 
was. Re-growth of such a tumour not infrequently simulates brain in form. 
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Complete examination c of the brain showed that there was no neoplasm nor 
abnormality elsewhere.” The case will be taken up again under the heading of 
general discussion. 

Case 2.—W. B., R.V.H. Left frontal lobectomy. Post-traumatic epilepsy, 
cerebral cicatrix. 

At 16 years of age he fell from a scaffolding and received a depressed 
fracture of the right frontal region. He was unconscious for two and one- 
half weeks. eHe left the hospital in two months and felt “all right” except 
that hig memory did not seem as good as formerly. He did not work for a 
Year, at the end of which time he took a position as caretaker of a skating rink, 
a position he continued to hold until recently. At the age of 22, epileptiform 
seizures of the frontal lobe type made their appearance as described elsewhere.’ 





216. 5.—Sketch of the lesion exposed at operatien in Case 2, showing the solozosod and 
atrophic frontal pole and the meningeal adhesions. 


Two years later encephalography demonstrated enlargement of the anterior 
horn of the left lateral ventricle, a cyst in the left frontal lobe and migration 
of the thirdVentricle toward that side. Osteoplastic craniotomy was carried 
out (November, 1929). It revealed abnormal, leathery frontal convolutions 
and dense dural adhesions (fig. 5). Amputation was carried out through 
normal tissue as indicated by the cutting threads in fig. 5 (see also fig. 6), 
Incision was made directly inward to the wall of the ventricle. The plane of 
excision was then sloped somewhat forward so that at the falx the removal 
was about as far anterior as the end of the ventricle. The line of removal as 
seen on the surface is indicated in fig. 7. 


' Penfield, W., and Gage, L. *‘ Cerebral Localization of Epileptic Manifestations.” Arch, 
Neurol. and Psychiat, 30, 709, 1933. 
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Fic. 6.—The artist’s conception of the extent of the lobe amputation in Case 2, 
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Fic. 7.—Surface projection of the amputation done in Case 2. The traction of the huge 


sear probably pulled the whole hemisphere forward so that the line of removal should 
placed farther posterior. 
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During the operation, which was dope under local analgesia, the patient 
was able to talk with us intelligently. Following it, at midnight, he was 
mentally clear but did not remember about the operation nor did he seem to 
recall recent events. In the first week after operation he became disorientated 
and somewhat confused mentally and developed a hemiparesis. He had 
difficulty in finding words. a 

One week after operation he had become well orientated for place and 
partially for time. Memory, however, was still deficient as far as recent events 
were cohcerned. The hemiparesis was improving. Two weeks after operation 
he was much clearer: he seemed slow but remembered recent and past events 
fairly well and could do simple arithmetical sums but not difficult ones, and the 
hemiparesis had disappeared. | 

Six months after operation the patient’s physical examination showed him 
to be normal and he had returned to his former occupation. He reported that 
he was able to think better, act more quickly and that he was less irritable 
and quarrelsome than before operation. This should not be taken to mean 
that we consider frontal lobectomy would benefit a normal individual. The 
improvement over his former condition which continues up to the present time 
(five years later) is, of course, due to the complete arrest of his epileptiform 
seizures. | 

It is not wise to compare the man too closely with himself as he was 
before operation, because of the disappearance of the epilepsy. We can only 
study him objectively and in the light of the promise which he gave at the 
age of 16 before the accident. 

Psychological exraminations.—Dr, David Slight has examined the patient 
on several occasions and we here quote from his notes. 

February 6, 1929 (two and a half months after operation): “ General 
manner and appearance normal. When seen before leaving the Hospital the 
patient gave the impression of what can only be described as being ` blank’ 
or ‘out of touch.’ Orientation good'for time, place and person. On leaving 
Hospital he was distinctly hazy about time, but he has had no lapses in the 
- past month. 

=“ Stream of thought: Rate normal, flow coherent and logical. Denies any 
periods of confusion or dreaminess. 

“ Emotional status: Bright and consistently so. For atime after leaving the 
Hospital ha was distinctly irritable, being upset over minor things, but he is 
now controlled and balanced. Denies any periods of depression or other 
fluctuations in emotional state. 

“ Mental content: No delusions, hallucinations or other abnormal phenomena. 
Memory is good, both for immediate and past events with the exception of a 
period of amnesia extending over much of the time in Hospital. For example, 
he can relate what he had for supper last night and also incidents at a 
theatrical show he attended a week ago. He can repeat six digits forward 
and five backwards. (One might claim that this is slightly below par since 
the average adult is expected to repeat six digits backwards, and the fourteen 
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year old level to repeat seven digits ferward.) Intellect is wood and he tests — 
up to the fourteen year old level according to the Binet-Simon seale. Judgment. 
and insight appear good. 

“ Conduct: No abnormalities se far as can be gathered. He apparently 
occupies himself in a normal fashion, reads the paper, goes out, and as already 
stated, attended a show last week. Writing and speech are normal. | 

“To sum up: It would appear that the patient shows no. demonstrable 
mental change at the present time, and to judge from his previous occupation 
and other information it would seem that there is no mental loss. This i is said 
with the reservation that any tests or judgments relate to what may be eallod 


oe o a static condition, and do not entitle one to pass judgment on the patient in 
what may be called the dynamic situation.” 


Following a later examination (December 22nd, 1932, four years alter 


— operation) Dr. Slight again reported: ‘The patient was co-operative during 





the examination and gave a good aceount of himself. He is apparently free 
from any subjective sensations and has no complaints to make regarding his 
ability to live and behave in a normal way. Clinical examination of his 
mental state does not show any apparent indications of abnormality, and if 
one were not aware of the previous surgical procedures one would probably 
pass him without particular comment. On further questioning he does 
acknowledge one difficulty, and that is in regard to processes of mental arith- 
metic such as are involved in playing cards, and he particularly mentions a 
game called ‘Hive Hundred.’ He is apparently unable to add figures together 
mentally and finds it necessary to use paper. 

“Although his memory span tests up to the average adult level, a Binet- 
Simon examination made through the courtesy of Dr. W. T. B. Mitchell shows 
that on the Stanford revision of the Binet-Simon he has a mental age of 
12 years and 4 months, with an intelligence quotient of 82. During this 
examination it was noted that he showed an apparent fatiguability and that 
there was a seatter’ in the test. On the Healey completion test No. 2 he 
had a score of 73: 66 being regarded as the average level. The Healey com- 
pletion ‘B’ test was completed in 45 seconds and 14 moves, which aes Bim 
a performance level of seventeen years. 

“One point interesting and worthy of note is his spontaneous statement 
that emotionally he feeis much more controlled now than in the past. He 
states that previously he was very antagonistic toward people and toward 
religious topics and such like, whereas now he finds himself more controlled 
in approaching and discussing such matters.” 

Vestibular reactions: Before operation the following examination was 
recorded in the Outpatient Clinic of the Department of Otolaryngology : 

“ February 7, 1928: Hearing losses of middle ear variety. Cold caloric 
test of both ears reveals normal response from each ear with 4 c.c. of ice-cold 
© water. Both internal ears would seem to be normal but there is a hearing loss 
from the healed middle ear disease.” 

Six months after operation he was examined by Dr. W. J. McNally, who 
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made the following note (May 10, 1929}: “ Cold caloric test: “Right's: ear: -Four . ae 


CC. ice-cold water elicits a response of nystagmus from the horizontal. canal— 
no response from the vertical canal, ie. when head is erect; no dizziness. 
Ten cc. of water at 120° F, elicits a few nystagmoid movements from the 
right horizontal canal. No response from the vertical canal, or very weak 
- response. 

“ Left ear: Four c.c. ice-cold water—-no response from either vertical or 
horizontal canal. Ten c.c. water at 120° F. elicits a definite nystagmus from 
tke horizontal canal sharper than from the other ear; no response from the 
vertical canal. Ten c.c. of ice-cold water in the right and left ear produces a 
response from both the horizontal and vertical canals, but it is definitely 
diminished. This may be due to thickening of the drums from previous 
middle ear disease. There is no dizziness from any irrigation. 

“ Impression : Suggestion of diminished irritability of both internal ears, 
more marked in the vertical canals. There is a weakly positive de Kleijn sign 
from the left cerebral hemisphere. There is a long history of previous middle 
ear disease which has interfered with hearing.” 

Four years after operation Dr. McNally made a second note (December 7, 
1932): “ The right ear drum is thickened, milky white, intact. The left drum 
is thickened, milky white and shows scar in the postero-superior quadrant. 
No spontaneous eye nystagmus. While standing the patient is not disturbed 
by placing the head in any position nor is he disturbed or over-balanced by 
any sudden passive movement of the head or shoulders. 

“Two and one half c.e. of ice-cold water in the left ear elicits a prompt 
nystagmus normal in character from the vertical and horizontal semicircular 
canals of that side. The duration of the nystagmus is quite short, about one 
minute. There is no dizziness. Two and one half c.c. of ice-cold water in 
right ear elicits the same normal response as above except that it is slightly 
less marked. In both eases the response from horizontal canals was more 
marked than from vertical canals. Ten e.c. at 120° F. in the right ear elicits 
prompt nystagmus from the horizontal and vertical canals, but definitely less 
marked when compared with the opposite side.” 

Dr. McNally summed up the vestibular examinations : “In other words 
there is no evidence that the quick phase of nystagmus shows any exaggeration 
toward the side of the lesion (de Kleijn’s sign of a cerebral hemisphere lesion). 
Tf anything this patient shows more response when the quick phase of 
nystagmus is to the opposite side of the lesion. When one considers the 
thickness of the drum one must conclude that both labyrinths are responding 
normally to stimulation. 

“In the wheel chair with head erect (horizontal canals) normal response 
after ten turns to either side; no dizziness. It is worthy of note that after 
the caloric stimulation and rotation tests there was never at any time the 
slightest dizziness or past-pointing in spite of the fact that the other objective 
signs of labyrinthine stimulation were quite normal. I do not know quite 
what the significance of this fact may be.” 
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Special sensory examination. Noyember 28, 193% e 

(A) Spontaneous sensation.—He has had no pain, numbness or tinel 
the extremities, nor is there any lack of recognition of the position of 
limbs. No paraesthesia, of any natare. l — 

(B) Objective study. 

Light touch.—Recognition of cotton wool entively normal, over the ulnar 
and radial sides of the forearms and over the lowef limbs. Tactile acuity 
as tested with the von Frey hair is normal over the ulnar and tadial borders 
of the arms, over the lower legs and also over the dorsi of the feet. * 

Pressure touch.—Not tested. . 

Localization.—Errors in centimetres. Ten trials. 


` Points tested on the right L4 18 O8 06 16 20 10 13 30 E: B 
forearm and indicated Average 14 om, 


ett forearm indicated 2°0 15 20 O6 16 30 10 10 LS 10 


py right index finger. | Average 1°5 cm. 
Rightlegindicated with 20 05 08 28 15 O8 25 I5 P3 40« 

right index finger. Average 1°90 om. 
Left leg indicated with O7 27 #O8 10 20 15 17 ü 05 0 

left forefinger, Average PO om. 


Roughness.—Not tested with the Graham Brown esthesiometer, but three 
grades of sandpaper were used, No. 2, No. 4, and the reverse or smooth side 
of either of these called 0. Recognition of these various grades of sand- 
paper, interchanged, was quite normal over all the fingers, except for a slight 
confusion in the right fifth and also in the third left. There were no gross 
abnormalities in the skin, because of which there might be expected abnormal 
sensation. In any event these changes were very slight and may well not be 
- significant. 

Tickling and scraping—-Normal over the palms of both hands, over the 
soles of the feet. Cotton wool tickling and scraping were all normal. 

Vibration.—Tested over the nails of the first and fifth fingers and the first 
and fifth toes and was quite normal. 

Compass test.—Equally accurate on thenar and hypothenar regions of the 
two hands. J 

Pain.—(a) Superficial pain: Pinprick recognized normally over the lower 
arms and over the radial and ulnar borders of the hands, also over the lower 
legs and dorsi of the feet. (b) Pressure pain: This was tested in. the 
forearms, in the upper third between the radius and ulna. Pain was 
recognized at 7 kgm. on the right side and at 74 kgm. on the left. In. the 
legs the testing was done in the medial portion of the calf. On the right 
pain was recognized at 10 kgm. pressure; on the left at 83 kgm. 

Temperature—Differences of 27 and 34 degrees and 29 and 30 degrees |. 
were recognized over the lower extremities and over the forearms. A — 
temperature difference of 29 and 294 degrees could not be differentiated. 

Position.— Imitation of the position of one extremity by the other was 
prompt and accurate. 











Passive movemgnt. —Three to five — of movement were. e recognized — SR 
in the fingers and in the toes accurately and without hesitation. No falling — — 


away of the unsupported upper limbs when the eyes were closed; lower 
extremities not tested. | 

Active movement.—(See above). 

Weight. —Right hand supported able to differentiate between 100 and 
105. grm. of weight and the left hand able to do the same, The right hand 
unsupported differentiated between 105 and 120 grm., 110 and 120 grm., and 
on oneroccasion between 100 and 105 grm., though on a second trial 100 to 
165 grm. were called about the same. Left hand unsupported not able to 
differentiate between 100 and 105 grm., nor between 110 and 120 grm., but the 
difference between 105 and 120 grm. was recognized. 

Size.—This was tested in the hands by the use of test tubes of the 
following diameters: 1:1, 1°6, 1°7 and 2 cm. The two middle tubes were 
confused rather readily but this was within normal limits. 

. Shape.—Triangle recognized in both hands promptly. 

Form.—Calipers, two-point compass and throat sticks were all opon za 
readily. 

Texture.—Cotton wool, paper and a rough towel all correctly named. 

Consistency.— Hard rubber tip recognized as such. Thermometer bulb 
recognized as hard and cotton recognized as soft. 

Figure writing -— 

Left palra im- 











Written.. ee, N 4 3 2 1 6 8 9 Q 5 
Called .. . 2 4 3 ? 1 6 8 9 8 6 
Also left palm :—~ 
Written.. PA 5 7 2 3 6 1 9 0 8 
Called .. . 5 7 2 38 6 1 908 
Right palm :— : 
(four trials) 
Written.. p 5 7 2 3 6 1 9 0 8 
Called 5 7 2 3 5 5 5 0 8&8 
4. 5 7 2 8 6 5 9 9 8 
— 5 7 2 8 8 1 9 0 8 
2 7 2 3 6 1 9 8 8 


SUMMARY OF FINDINGS ON SENSORY EXAMINATION. 

(1) SugBestive error in spot finding on the right leg as indicated with the 
right index ‘finger. 

(2) Slight unexplained error in recognition of grades of sandpaper fifth 
finger right and third finger left. 

(3) Left hand unsupported recognized the differences in weight less readily 
than the right. 

(4) There seems to be definitely diminished acuity in recognition of figure 
2 writing in the right palm. This is irrespective of radial or ulnar border. 
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SUMMARY OF OBJECTIVE EXAMINATION. 

The defects which we were able to detect in this case were as follows — 

(a) Small errors in sensory examination which are probably negligible, i.e., 
in spot-finding in right leg, in figureswriting with the right hand and in weight 
differentiation with the left hand. 

(b) Unexplained absence of dizziness and past-pointing after caloric and 
rotation stimulation although both labyrinths respond ‘normally to stimulation. 
De Kleijn’s sign of a cerebral hemisphere lesion was absent. g 

(c) Subjective decrease in capacity for mental arithmetic and’ bridge 
playing. Mental age of 12 years and 4 months with an intelligence quotient 
of 82 by Stanford revision of Binet-Simon test. Completion level of seventeen 
years in Healey completion test. 

(d) Some lack of initiative. See discussion to follow. 





Fic. 8.—Surface projection of the removal carried out in Case 3. There was much * 
traction here also as in Case 2, 


Case 3.—G. G., R.V.H. Right frontallobectomy. Post-traumatic epilepsy, 
cerebral cicatrix. e 

This boy of 19 years received a severe head injury at the age of 8 and was 
referred by Dr. Colin Russel. Epileptiform seizures of right frontal lobe type 
had been present for one year. In November, 1931, a right frontal osteoplastie 
craniotomy was performed. Three cysts were found in the frontal pole and 
radical excision was carried out as indicated in fig. 8, cutting across the anterior 
end of the ventricle. The excised tissue, after evacuation of the cysts, weighed 
34 grm. 

There was a post-operative hemorrhage which necessitated re-operation 
on the second day. Otherwise the recovery was uneventful, neurological 








examination was Femti ve on discharge and he has — no recurrence jot the. 

| epileptic seizures up to the present, three years later. = | 

I One’ year after eperation, in December, 1932, he 5 was examined with the 
| following results :— 

(1) Special sensory tests similar to those in Case 2 above were — 
negative. 

(2) Audiographic — vestibular tests by Dr. Scott-Moncrieff were entirely 
normal. s 

(3) Psychometrie examinations by Dr. David Slight may be summarized as 
tios: — 

“ He shows no apparent TETE ic difficulty. He appears to have adjusted 
well to work and has on several occasions been able to give public demonstra- 
tions of his firm’s products in a large store. 

“ Since being at home he has continued to play such games as cards and 
tennis, and he has actually continued playing with a basketball team. It is 
said that there is no loss of ability in these games. In so far as reading, 
writing and arithmetic processes are concerned there is no apparent loss of 
function. His memory span is 8 digits forward and 6 backward. He appears. 
to be interested in his work and has ambitions to make progress, hoping 
and planning to take up studies to further his work.” 

In summary the excision in this case was smaller than in the two former 
cases. The portion of brain removed was doubtless partially incapacitated 
before removal. Physical and psychological examinations reveal no defects. 

DISCUSSION. 

It may be urged that to destroy a delicate instrument is not the best 
way of studying its function. But we have recorded in some detail the 
results of three frontal removals selected from many other available 
cases because of their suitability for study. It is always difficult to assess 
the value of the information from clinical cases as we are not carrying 
out experiments on normal patients, but, rather, desperate operations 
upon patients in the brain of each of whom there was abnormality to 
begin with. With these criticisms in mind the cases presented still 
seem to offer an opportunity of making deductions of value with regard 
to the frongal lobe, deductions both positive and negative. 

It is evident that removal of, large portions of the brain may be 
carried out without even temporary loss of consciousness. The 
vestibular reactions were normal in the two cases carefully examined. 
But in the large left frontal removal (Case 2) there was unexplained 
absence of dizziness and past-pointing after caloric and rotary stimulation. 
This defect was not present in the smaller removal (Case 3) and was 
not tested for in Case 1. 

The removal of left frontal lobe in Case 2 had been — out in 





THE FRONTAL LOBE IN MAN: MAXIMUM REMOVALS 129 


this case back to within one og two centimetres anterior to the 
precentral gyrus. In its lower extent the line of removal crossed 
Broca’s convolution not far from the anterior end of the fissure of 
Sylvius. At the base of the hemfsphere the removal skirted closely the 
posterior edge of the orbital plate and lesser wing of the sphenoid. 
Mesially the plane of removal was more anterior than laterally. 

Aphasia in this man did not develop immediately and Uisappeared 
within three weeks, leaving behind no difficulty in speech whf&tever, 
The disturbance of speech was therefore attributable to transient neigh- 
bourhood change in cerebral structures which had not been removed. 
Special psychological tests record a normal level for a man of his limited 
education. He showed at no time reflex forced grasping. 

What defects has he? He, himself, is conscious of only one 
unfavourable sequel to operation, that is difficulty in performing mental 
arithmetic and in playing bridge (a game which calls, no doubt, for a 
certain limited type of memorization and computation !). If he can 
write the figures down and see them he says he can do his arithmetic. 
But even affer five years he cannot summon the figures and add or 
subtract them in his head as easily as formerly. That ability seems to 
have been partially removed with the amputation. 

Is there anything else lacking in this man, perhaps lacking since the 
original laceration of his frontal lobe? His mother praises him as being 
docile at home, but admits that he may have shown too little initiative 
ever since his injury. His father is head groundsman for McGill 
University, the son having worked under him for two years before 
operation and for more than a year afterwards, was laid off only along 
with others at the time of a general “cut.” The father states that as a 
workman he never had a better helper, ‘‘ but,” he added, “he never had 
a job that I didn’t get for him.” He should have added ‘““since the 
accident,” for it may be recalled that this patient had had enough 
initiative at the age of 16 to find his way to England, and had secured 
himself a job there. $ 

To sum up: this patient is a likeable fellow, a good workman and a 
useful citizen. It is quite certain he will never be a revolutionist. He 
has lost something that psychometric examination does not evaluate. 
He has lost initiative: not all of it, but much of it. 

The extirpation of the right frontal lobe in Case 1 was the largest 
of the three removals, and may be discussed at greater length. ‘To recall 
the details, this was the case of a woman of 43 whose lobe contained a 
calcified oligodendroglioma and whose amputation was carried back to 
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within a centimetre qf the motor gyrus all the way down to the lowest 
frontal gyrus. From this line it passed across cleanly to the mid-line so 
that the septum pellucidum and the anterior two or three centimetres 
of the sectioned corpus callosum were ‘visible after the removal (fig. 1). 

To judge what this patient had lost by being deprived of nearly all 
of her right frontal lobe demands that an estimate be made of what she 
would have* been had she had a normal right frontal lobe at that age. 
Because one of us (W. P.) had known her intimately from childhood we 
believe it is possible to evaluate the mental and personal changes. This 
we have undertaken at all events. 

The history was long. For twenty-three years before operation 
there were Jacksonian seizures at very long intervals, which indicates 
that the oligodendroglioma was probably present for that length of time, 
@n increase in the rate of growth doubtless occurring towards the end. 
The removal was of lobe and tumour, not of tumour alone. This was 
borne out by the post-mortem examination, which also showed that 
other areas of the brain were normal. 

The rapid recovery and relief from the symptoms of compression do 
not concern us. The fact of the compression renders a comparison of 
her state immediately before operdtion with that afterward of no value. 
Such comparison would, of course, show only improvement. The 
analysis must go back to a much earlier period. 

After operation she resumed her duties as wife and the mother of six 
children with greatly increased efficiency. But she was conscious of not 
being quite as alert mentally as she should be. ‘This is best expressed 
in her own words. In July, 1929, seven months after operation, she 
wrote :-— 

, “ Dr. Taylor asked me if I felt that mental activity was improving, and I 
said Yes,’ but it seems as though each time I feel encouraged that way I do a 
series of very stupid things. Perhaps it is just a case of ‘ pride goeth before a 
fall’ and is the time one needs to be wary. I am trying to be more alert, 
sometimes it seems to be very slow progress, but still it is progress I am sure. 
If you have any advice to offer as to how to learn to think, how to get something 
of an education when old, &c., it will be gratefully received.” 


Her greatest difficulty was in household administration and she did 
not discipline the younger children as she had done when she herself was 
younger, although her general health was excellent. Nevertheless, she 
was still careful of her own person and orderly. Her sense of humour, 
memory, and insight into the thought and feelings of others was altogether 
unimpaired. She was capable of intelligent conversation and did not 
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talk either more or less than good taste demanded. eAnother letter 
from California may be quoted, written this time on the first aniversary 
of her operation :— 


“Tt has been a very wonderful year with new life, new strength, new hope 
. I need firmly to convince myself that I am not really slow, nor stupid, 
— incapable, &., and the rest will come. : 

“ We will often think of you ut Christmas and I am thankful F can pioture 
you as you will be—the sunshine in the dining room and study, the cheery 
open fire, and the children going out to skate and coast or ski, the cars slipping 
and sliding, the cold crunch of the snow.” 


This-shows insight, vivid memory and power of expression. In her 
home there was little or no discord, Her husband was patient and 
sympathetic and her children reflected the unselfish personality of their 
mother. Her own home provided in some ways a better background 
for study than the consulting room of the psychologist. The following 
test, though not sanctioned. by psychological -usage, may illustrate her 
shortcomings. 

One day about fifteen months after operation she had planned to 
get a simple supper for one guest (W. P.) and four members of her own 
family. She looked forward to it with pleasure and had the whole day 
for preparation. This was a thing she'could have done with ease ten 
years before. When the appointed hour arrived she was in the kitchen, 
the food was all there, one or two things were on the stove, but the 
salad was not ready, the meat had not been started and she was 
distressed and confused by her long continued effort alone. It seemed 
evident that she would never be able to get everything ready at once. 
With help the task of. preparation was quickly completed and the 
occasion went off successfully with the patient talking and laughing in 
an altogether normal way. 

Although physical examination was negative and there was no 
change in personality or capacity for insight, nevertheless the loss of 
the right frontal lobe had resulted in an important defect. ‘Rhe defect 
produced was @ lack of capacity for planned administration. Perhaps’ 
the element which made such administration almost impossible Was 
the loss of power of initiative. If we express it as she did with no 
attempt at analysis: she could not “think well enough,” was a little 
“slow,” a little “incapable.” 

In Case 3 the removal of the frontal pole, about half of the lobe, 
produced nio detectable loss of function. This may be due to the fact 
that we could not study this boy before his accident. Or it may be due 
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to the fact thatethe anterior one half of the frontal lobe subserves only 
transferable function. 


CONOLUSIONS. 
* 


Large amputations of the frontal lobe, if the precentral gyrus be 
left intact, produce surprisingly little disturbance of function which can 
be detected. by ordinary methods of examination. There is no disturb- 
ance af the control of micturition, no forced grasping, no alteration of 
fone of the extremities or in the activity of deep or superficial reflexes. 

In Case 2 the operative removal affected only the middle one-third 
of the left frontal lobe, as the anterior one-third had already been 
destroyed by the traumatic injury, if one may arbitrarily so divide the 
lobe. This removal of the middle one-third in a right-handed man 
produced a partial loss of his capacity for mental arithmetic (oral, as 
distinguished from written). The patient also had an unexplained 
absence of dizziness and past-pointing after rotation and caloric tests, 
even though vestibular function was otherwise normal. 

Detailed studies of sensation showed only changes that we presume 
to be within the limits of normal spontaneous variation. In Case 2 
there was decreased appreciation of figures written upon the palm of 
the contralateral hand which may perhaps be related to the difficulty 
that the patient noted in the visualization of figures in “ mental 
` arithmetic.” 

The removal of approximately the anterior half or two-fifths of the 
right frontal lobe in Case 3 was not associated with any alteration, 
neurological or psychological, that we can detect. 

The two larger removals (Cases 1 and 2), present certain important 
defects in common and we consider these removals to have begun at 
the time ot the origin of the initial lesion and merely to have become 
complete at the time of operation. Neurologically each was normal. 
By the ordinary psychometric tests each would have to be judged normal 
although neither would rank very high. Hach patient was lacking in 
initiative. Each was very good-natured and co-operative which may 
in some cases perhaps be an evidence of lack of initiation of ideas. 
Although it may not be of value here we may also remark in passing 
that we have in several other cases been told by relatives that removals 
of a very large area of frontal lobe with included neoplasm have resulted 
in marked improvement in the patient’s temper. 

Insight and capacity for introspection were preserved. Capacity to 
follow instruction was unimpaired, but initiative and capacity for 
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planned action were clearly defective. This was especially true of the 
woman of 43. She had become incapable of discerning for herself 
possible courses of action so that she might choose. If others presented 
to her the possibilities she made.up her mind quite easily, and when a 
task lay before her there was no reluctance nor hesitation in under- 
taking it. 

In so far as final conclusions from the first two cases are justifiable, 
it may be stated that maximum amputation of right or left frontal lobe 
has for its most important detectable sequel impairment of those mentél 
processes which are prerequisite to planned initiative. 
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. Notioks oF RECENT PUBLICATIONS. 
Intercortical Systems of the Human Cerebrum. By JosHua ROSETT. 
Milford: Columbia University Press, 1988. Pp. 185, with 41 
illustrations. Price 15s. 


The ingenious method of splitting the white matter of the brain into its 
natural layers devised by the author has been applied by him with painstaking 
skill to the study of the intercortical pathways of the human cerebrum. 
Briefly the method consists in “ exploding” the brain by saturating it with 
CO, under pressure and suddenly releasing the pressure. The layers of 
cleavage are then carefully dissected out and studied in flat sections stained by 
the Weigert-Pal method. The value of this method for the study of the 
intercortical connections is well shown by the present monograph, although 
the author confesses that the cartography of these systems is by no means 
complete. But even in the short time that has elapsed since the method was 
perfected the main subcortical and deeper connecticns have been mapped out. 
Among the many interesting observations which the book brings to light, the 
shortness of the subsuleine U fibres, and the fact that they are interrupted by 
any anpectant gyrus in their path is somewhat surprising. The author has 
also shown that the inferior longitudinal fasciculus consists of many shorter 
systems uniting neighbouring parts of the brain, and that few if any fibres 
pass in it from the occipital to the frontal pole. 

In addition to providing a remarkably complete survey of the white fibres 
of the cerebrum, the author has been able to criticize the work of the older ' 
investigators in the light of the new facts which his technique has furnished. 
The monograph is thus not only a record of original observations, but a well- 
informed survey of the whole field of intercortical fibres systems. 


I’ Angtographie cérébrale. Par Eagas Montz. Paris: Masson et Cie, 
1934. Pp. 827. Price 90 fr. 


In this monograph Professor Moniz has given an account of his experiences 
with “ thorotrast ” since the autumn of 1981. This substance has been found 
to possess many advantages over sodium iodide which was used in his earlier 
work. It appears to be non-toxic and safe. But it is specially valuable 
because, as it-mixes slowly with the blood, it can be followed into the intra- 
cerebral veins and venous sinuses. This property also enables it to be used 
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for injections of the vertebral’ artery, via the common carptid. It is thus 
possible to investigate every region of the brain for the presence of a tumour 
oraneurysm. By taking a series of plates at intervals of two or four seconds 
the rate of the blood-flow through apy arterial system can be timed, and the 
presence of arterial stenosis or aneurysm may thus be diagnosed. The method 
has also been used in the diagnosis of congenital malformations in the Circle of 
Willis. ` A 

The technique of the injection is comparatively simple, but the interpre- 
tation of the plates would be difficult without an accurate knowledge*of the 
normal appearances of the cerebral arteries and veins when viewed by this 
technique. A large part of the book is, therefore, taken up with a description 
of the normal and with the more common abnormalities. This description is 
greatly aided by the series of excellent plates. Altogether it is a valuable guide 
to a method of diagnosis which is now emerging from the experimental stage 
and being widely used. 


Une Nouvelle Syphilis Nerveuse, ses formes cliniquement inapparentes. 
Par Pavut Ravaut. Paris: Masson et Cie, 1934. Pp. 200. 
Price 45 fr. > 


In this monograph Ravaut sums up his experiences, over a period of more 
than thirty years, of the cerebrospinal fluid during the secondary and latent 
periods of syphilis. The evidence which he collects is impressive although 
not altogether concordant. On the whole he makes out a strong case for the 
assumption that clinical neurosyphilis is-based in the vast majority of cases 
on an infection of the meninges of the nervous parenchyma during the late 
primary or secondary periods of the disease. The frequency of such infection, 
as shown by the statistics of many workers, varies from 51 to 86 per cent. in 
acquired, and from 25 to 100 per cent. in hereditary cases. The percentage 
of meningeal reactions appears to be greatest between six months and two 
years after infection, dropping rapidly towards the close of the third year. 
Which of these cases are destined to be included in the 15 per cent. of clinical 
neurosyphilis is & question which Ravaut has set himself to settle. The 
answer he gives is that those cases with “complete” reactions (i.e. not only 
excess of cells and protein, but also positive Wassermann and colloidal 
reactions) in which the fluid returns slowly and incompletely towards normality 
under treatment will probably develop neurosyphilis later. A similar prognosis 
may be made apart from the results of treatment when the cell count includes 
plasma ‘cells and polymorphonuclears as well as lymphocytes. But it appears 
to be impossible to foresee what form the clinical disease will take. He is 
convinced that thse solution of the problem of neurosyphilis lies in thorough 
treatment during the primary and secondary stages of the disease controlled 
by lumbar puncture, which should be performed at least at the end of the third 
year. The value of malaria in the prophylaxis of neurosyphilis which has been 
suggested by recent Viennese work is discussed towards the end of the book. 
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As a survey qf the author's life-work this book is of value, although, in 
spite of its title, it contains little that has not already been published. It 
suffers from the lack of a comprehensive bibliography and of an index. 


Speech Disorders: A Psychological Study of the Various Defects of 
Speech. By 8. M. STINCHFIELD. London: Kegan Paul. 1938. 
Pp. 341. Price 15s. 


The merit of the first part of this book, dealing with the nature of speech 
disorders, lies in the setting forth of divisions and of relevant bibliography 
rather than in its mode of presentation whichis neither as critical nor as well- 
informed as one would wish. Evidently with enormous labour the writer has 
read all she could find concerning her subject, but where clinical experience and 
selection were necessary she has fallen short. The lengthy chapters on: 
“ Pathological Conditions Affecting the Speech Function—Dysarthria Cerebro- 
pathica, Dysarthria Neuromusculopathica ” ; on “ Dysphemia, or Backgrounds 
which Produce the Stutterer-—Dysphonia or Voice Defects ” and on“ Dyslogia 
and Dysphasia’’ are bookish and artificial on this account. If one may judge 
from the lists of Greek neologising given in Part I, there is now among the 
psychologists who study this subject a rage for classifying and naming which 
is reminiscent of the older days of psychiatry. Tha second part of the book 
gives the statistical findings in some personal investigations. These were 
made by Dr. Stinchfield on 3,000 college women and some public school groups, 
and they covered personality, left or right-handedness and oral and silent 
readings in their relation tospeech. (Questionnaires and tests were used. The 
book is detailed but contains much undigested factual material. 
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Die Neurologie des 1—1 Jahrhunderts n. Christus. By Dr. WALTER 
CREUTZ. „Leipzig: Georg Thieme. 1934. Pp. 106. Price 
° M. 7.80. 


As Dr. Creutz points out in his foreword, neurology has received little 
attention from the historians of medicine. This gap he has essayed to fill for 
the period, that stretches roughly from the Augustan Age to the fall of the 
Empire of the west. Beginning with Celsus, he takes in turn Soranus and 
Coelius Aurelianus, Aretaeus, Oribasius, Aetios, Alexander of Tralleis and Paulus 
Aegineta, and translates into German the relevant passages in their writings. 
Galen he mentions only briefly here as Falk's comprehensive monograph is 
available, but in the suceeding section, in which he makes a comparative study 
of the knowledge and theories of the period, he devotes much space to this 
incomparable observer. The zenith of neurological study during the Roman 
Empire was in the first two or three ceuturies when there flourished not only 
Galen but the clinicians with Soranus at their head, and Aretaeus only a short 


NOTICRS OF RECENT PUBLICATIONS 187 


distance after him. This carefully written monograph is a,valuable source- 
book for the many data of neurological interest which are scattered rather 
inaccessibly through the extant writings of an interesting, if remote, age of 
medicine. 


Lateral Dominance and Visual Fusion. By C. A. SELZER. Harvard 
Monographs in Education. No. 12. Cambridge: Harvard Univer- 
sity Press. 1933. Pp.119. Price 6s. 


This monograph deals with the relation of heterophoria and — 
vision to the disabilities in reading, writing, spelling and speech generally, 
which are such a handicap educationally to some children. The alleged 
importance of lateral dominance, especially as seen in hand and eye, is 
examined, and the author puts forward with indignant zeal his conviction that 
treatment of mirror-reading and related troubles should be by the wearing of 
prisms; oculists are on the whole understandably dubious about his claims. 
The discussion of tests for lateral dominance is an interesting part of the 
monograph. 


L'Enfant et le Langage. Par HENRI DELACROIX. Paris: Librairie 
Félix Alcan. 1984. Pp. 118. Price 12 fr. 


M. Delacroix here carries further some of the questions raised in his well- 
known larger work on language and thought. Many studies on the development 
of speech in children have appeared in the last few years, and here they are 
examined critically. The superficial formulations which sometimes pass 
muster in psychology are exposed, and the valuable findings of Stern, Yerkes, 
Kellogg, Bühler and others are reviewed. Although brief the book leaves few 
aspects of the subject untouched, and the style is, as always with the author, 
felicitous. 


Konstitution und Prozess. in der Schizophrenie. von Dr. Skalweit. 
Leipzig: Q. Thieme. 1934. Price M. 4.50. 


The author has applied the Rorschach method to the study of schize- 
phrenia, especially “ Prozess-Schizophrenie.”” The problem which particularly 
occupied his attention is not, however, so prominent in English psychiatry, 
where the conception of a schizophrenia determined by progressive structural 
changes has not had general recognition. 

From ‘the, results of his investigation he coneludes that a schizophrenic 
psychosis does not consist in a purely quantitative intensification of the specific ` 
schizoid type of reaction but in a qualitative change in this. He draws unduly 
wide inferences from a test that is still on probation. The typological 
doctrines of Kritsshmer are also examined, and the author shows his interest 
in some national pre-occupations by a discussion of the relationship between 
the schizothyme type and the Nordic race. 
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Investigation pto the Causes of, Mental Deficiency. By H. O. 
WILDENSKOV. Copenhagen: Levin and Muskgaard. London: 
Humphrey Milford. 1984. Pp. 113. 


The author of this work, who is the medical superintendent of a Danish 
institution for mental defectives, has carried out a careful and painstaking 
research into the differences in family incidence of deficiency between two 
groups of his patients, the one group being composed of fifty mild cases and the 
other qf fifty severe ones. Various additional aspects of the two groups were 
flso investigated, but the family studies supplied the most important data on 
stiology. With a refreshing lack of mathematical ostentation Dr. Wildenskoy 
presents his material and points out how much fewer were the definitely 
exogenous cases that is often asserted to be the common proportion. He 
emphasizes that the discovery of neurological abnormalities does not 
necessarily indicate pre-natal or post-natal trauma, since inheritable structural 
anomalies or predispositions may be in question. In view of the relatively 
small numbers he is cautious in his conclusions, but he finds strong evidence’ 
of the hereditary factor being more significant in the mild than in the severe 
Cases. 


Mental Health: Past, Present and Future. By A. H. Ruggles. Balti- 
more: The Williams and Wilkins Company. 1934. Pp. 104. 


These attractively composed lectures have a welcome honesty and lucidity. 
There are three of them: The first is historical, while the second deals with 
the present situation in psychiatry, especially in its American developments. 
The last lecture, which looks to the future, is soberly optimistic about mental 
health. The author puts his hope in better training of physicians and other 
leaders, a8 well as in better training of the public, who must not only be led 
but co-operate, so that the social and individual problems which weigh so 
heavily now may be lightened if not solved. 


Die Irrtümer der Psycho-analyse. By HENRIK EGYEDI. Vienna and 
Leipzig: Wilhelm Braumüller. 1933. Fp. 86. Price Rm. 2.80. 


While the majority of observers are now content to show distrustful 
politeness, or at least reserve, towards psycho-analysis, there are some who 
are goaded into critical or irritable examination of its claims. These provoca- 
-tive claims are more or less proof against such onslaughts,, because it is not to 
the court of logic or scientific method that psycho-analysis appeals. The 
objections made here by Dr. Egyedi are in the main valid if applied to any 
scientific procedure where the necessity for repeating and verifying observa- 
tions, testing hypotheses, and predicting ontoomes in given circumstances can 
be takenfor granted. But psycho-analysis is not a procedure of this kind; 
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statistical and other controls have played practically yo paré in it. Some of 
his strictures are less applicable to the strict doctrine of Freud himself than to 
the still more speculative form that has developed in this country in the last 
few years. On the other hand, it is no longer possible to accuse the Freudians, 
as the author doss, of a slavish devotion to their master; the devotion of 
psycho-analysts is now becoming, like so much ‘slse, national or local, and 
London looks backwards and sideways, not upwards, upon Vienna. It is 
doubtful, whether, such methodological examination as this will have much 
more effect than had the similar criticisms of phrenology or homoépathy, 
Psycho-analysts are by temperament and training unlikely to be influenced by 
attacks on such lines, even when mitigated by admiration for Freud; others 
will prefer to wait until the hypotheses of psycho-analysis can be satisfactorily 
tested. 
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LESIONS OF THE CENTRAL AND PERIPHERAL NERVOUS 
SYSTEMS PRODUCEDIN YOUNG RABBITS BY VITAMIN A 
DEFICIHNCY AND A HIGH CEREAL INTAKE. 


BY EDWARD MELLANBY, 
Field Laboratory, Sheffield University. ° 


In previous publications [1 (a), (b), (c), (Œ), (e), (f)] accounts have 
been given of the dietetic methods whereby degenerative changes in the 
central and peripheral nervous systems of young dogs and rabbits can 
be produced and prevented. The two outstanding factors which, when 
associated together, produce these changes are: (1) A deficiency of 
vitamin A and carotene in the diet; and (2) a high cereal intake. Of 
these, the absence of vitamin A and carotene is probably the more 
important in young animals, for if either is added to the basal diets so 
far tested the degenerative changes do not occur. On the other hand, 
when vitamin A and carotene are deficient, the nerve degeneration can 
be made worse by altering the amount and type of cereal eaten, or in the 
dog by adding certain cereal products such as the embryo on ergot. 

Except for one publication [1 (e)] in which the effects of vitamin A 
and carotene deficiency in producing xerophthalmia in rabbits were 
related to degenerative changes in the ophthalmic division of the 
trigeminal nerve, most of the published results referred to experimental 
work on dogs. It seemed desirable, therefore, that a fuller account 
should be given of the complex changes in nerve-cells and nerve-fibres 
which can be readily produced in young ‘rabbits by similar dietetic 
means. Clearly, for a herbivorous animal like the rabbit, the basal diet 
must be of a different nature from that used in the dog experiments, and 
yet the same specific dietetic defects must be present in both. 

Experiments were originally begun on rabbits with the object of 
discovering if possible the chemical nature of the substances in ergot 


and in cereals which act as neurotoxins in dogs and probably in man in 
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the absence of vftaminm A and carotene. It was hoped that it would be 
easier to continue this part of the work on smaller and cheaper animals. 
Thus, it happened that the diet of many experimental rabbits in 
this series contained either ergot, or ‘some extract or residue of this 
substance. As the work progressed, however, it became more and 
more questionable whether ergot affected the nervous system of rabbits 
even in the absence of the protective substances. In any case its 
neurotoxic action did not seem as potent in the rabbit as in the dog 
under the experimental conditions so fartested. It is certain that most, 
if not all, of the specific nervous lesions to be described can be readily 
produced in rabbits hy withholding carotene and vitamin A and without 
giving ergot or ergot derivatives. 

Although the present investigation has been fairly extensive and 
includes the examination of central and peripheral nerves as well as 
many groups of cells and ganglia in a large number of rabbits it is by no 
means complete. A neurological expert would undoubtedly find many 
other points of interest both in the behaviour of the animals and in 
the lesions of ‘the nervous system produced by these specific nutritional 
conditions. This work, however, may lead others to extend the 
inquiry. 
EXPERIMENTAL CONDITIONS. | 

Litters of rabbits of eight to ten weeks old were used. The basal 
diets had to be such that they were compatible with good health and 
growth during the period in which the specific lesions developed. The 
following diet deficient in carotene and vitamin A was found to fulfil 
this object. 

The main ingredients were 4 parts of oats and 1 part of bran to 
which .calckum carbonate was added to form 1'5 per cent. of the 
mixture; lemon-juice was given in some of the experiments as @ source 
of vitamin C. According to the age of the rabbit, 40 up to 70 grm. of 
the oats-bran mixture, together with a constant amount of 10 grm. of 
dried alfakia which had been heated at 120°C. for thirty-six hours, 
were given daily. The alfalfa was ground toa fine powder and then 
heated in thin layers on trays in an electric oven and stirred frequently 
during the heating process in order to allow full exposure to the air. 
By this meansits carotene content could be entirely destroyed. A point 
of importance for the production of severe lesions is the degree of 
destruction of the carotene in the alfalfa. If it be only partially destroyed, 
there may be little or no degeneration, or it may develop slowly and 
not be severe. For intense lesions to develop rapidly the heating: and. 
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stirring of the alfalfa, must be suffidient to ensure the cOmplete destruc- 
tion of the carotene. If unheated instead of heated alfalfa be given, the 
nervous lesions do not appear. Similarly, if cabbage or carrots or 
any other source of carotene or vitamin A be added to the standard 
basal diet, the narvous system of the rabbit is protected. Pure carotene, 
in amounts of 1 to3 mgm. daily, was sometimes added to the basal diet 
to prevent the nerve changes. In view of Stockman’s results [2] in 
which he has produced derangement of the nervous system by diets rieh 
In cereals but containing very little available calcium, it is necessary to 
point out that in the present work there is no deficiency of available 
calcium in the diet. It may also be well to add that in each series 
of experiments a rabbit with a normal nervous system has been produced 
` by adding a source of the protective factor to the same basal diet as that 
given to the affected animal. . 

Behaviour of rabbits on the carotene-deficient diets—The young 
rabbits grow and remain well on the basal diet for some months. The 
order of the appearance of signs of nerve defect varies, but slight stiff- 
ness of the legs, and especially of the hind legs, is generally the first 
abnormality noticed ; this may be seen after two to three months of the 
experimental diets. Xerophthalmia appears next, three to six months 
after the beginning of the experiment; & dull patch or band appears on 
the cornea, usually in the centre, ranning midway between and parallel 
to the eyelids, i.e.in that part most exposed [1 (e)]. At this stage 
examination will show that the pupillary reactions are sluggish. Head 
movements usually develop quickly after this, although in some cases 
they are noticed before the changes in the eyes. ‘The animal moves its 
head in a curious and characteristic way, as if it did not know its 
position in relation to the rest of the body; sometimes it is moved up 
and down and sometimes from side to side, and when at rest is often 
askew with ears awry. In the later stages of xerophthalmia some of 
the head movements may be due to ocular defects and obscured vision. 
The rabbit often moves about as if suffering from alcoholic ifttoxication. 
It may go round in circles, turn its head permanently towards one side, 
wobble from side to side, and-in extreme cases even fall over either to 
the side or backwards, sometimes being unable to regain the normak 
position. | 

When examined in the cage the early signs are not so obvious; the 
animal has a sleepy look, the eyes often being half closed ; it sits quietly 
huddled in the corner of its cage. he 

At no time is there any definite paralysis, but -the. animals appear 
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heavy on their egs and show less spontaneous movement both in the 
cage and outside, and in advanced cases often refuse to move at all. . 

It will be seen below that the lesions of the central and peripheral 
nervous systems are often very extensive, and no doubt a closer examina- 
tion, especially tests on the sensory side, would reveal many other func- 
tional defects. A casual examination, however, makes it clear that the 
co-ordinating mechanism both of the head and body generally is defec- 
tive, and in some cases it is obvious that the animals are blind and 
probably deaf. ; 

Histological methods for demonstrating changes in nerve fibres.—Post 
mortem changes due to a lapse of time between death of the animal and 
fixation of its tissues were avoided. In some cases it was found better to 
fix the tissues in stéu, but large organs and those with resistant capsules 
were dissected out and the tissues placed in the fixative. 

A series of experiments on peripheral nerves was undertaken in order 
to compare the appearances produced by rough handling in post mortem 
dissection and those found in experimental animals. Nerves which were 
crushed with forceps, stretched or left for periods up to forty-eight hours 
after death of the animal gave positive Marchi reactions, but in these 
cases the appearances were not the same as those produced by lack of 
carotene or vitamin A. Needless to say, changes produced by trauma 
were avolded as much as possible. 

The tissues were usually fixed in formalin (10 per cent. tap water 
neutralized formol saline). 

Although methods have been used for observing changes in the axis 
cylinders, those for demonstrating degeneration of the myelin in the 
fatty sheaths have received most attention. These include: (1) Osmic 
staining by Marchi’s method (with modifications) ; (2) Nile blue and 
sulphurous acid (Lorrain Smith [3]); (8) Scharlach R. 

For peripheral nerves, on the advice of Sir Charles Sherrington, a 
method described by Ramon-y-Cajal [4] was also tested in the later 
experiments. Fresh nerves were stained for ten to sixteen hours in 
0'5 per cent. osmic acid, washed in distilled water, treated with alcohol 
and glycerin, and then teased before microscopic examination. This 
method is only useful in the case of peripheral nerves, in which it 
shows up the changes very beautifully (Plate VI, figs. 5 and 6). 

For the staining of axis cylinders several silver methods were 
tried, but sufficient experience of this technique was not obtained to 
warrant description of the results, especially of the earlier stages of 
axis cylinder degeneration, in the present publication. Changes certainly 
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are seen in the exis cylinders of the nerves of rabbits fed on carotene- 
deficient diets before advanced myelin degeneration occurs. 

_ In order to determine the position of complete disappearance of 
groups of nerve fibres, Kulchitsky’s modification of the Weigert-Pal 
method was adopted. 

OBSERVATIONS ON THE HISTOLOGICAL RESULTS OBTAINED BY THE 
ABOVE METHODS. j 


When examining nerve fibres most attention was fixed on the 
myelin sheath and the changes it was liable to suffer under the 
prescribed experimental conditions. It is well known that histological 
methods for demonstrating demyelination changes, especially those 
involving the use of osmic acid, are apt to give unreliable results unless 
examined very critically. A great effort was made to avoid wrong 
interpretations of the experiments owing to misleading pictures; most 
of the animal experiments were repeated many times: the tissues from 
each animal were in many cases stained by several methods, and, when 
adopting any given technique for unknown tissues, sections of material 
known to be normal were often carried through simultaneously. 

When the animals are severely affected there is no difficulty in 
~ demonstrating degenerative changes in the nervous tissues; when, how- 
ever, the effects are slight it is by no means easy with the methods at 
present available. In early cases only two or three scattered fibres in a 
tract may be grossly changed ; sometimes, for instance in the posterior 
roots, none show typical Wallerian degeneration, that found being rather 
of the annular type (see Plate VI, fig. 3). In this form the fibres are 
swollen, the myelin is altered in chemical composition but is not yet 
disintegrated, so that in cross section stained by Marchi’s technique 
axis cylinders are seen surrounded by a dark ring of altered myelin 
stained with osmicacid. This annular type of degeneration is commonly 
found in the peripheral nerves of rabbits fed on carotene-deficient 
diets, but more rarely in the central nervous system. There fs evidence 
that nerves so affected can be brought back to normal fairly rapidly 
when the deficiens nutritive agent, in this case vitamin A or carotene, is 
supplied to the animal. This point, which I have discussed elsewhere 
[1 (e) (f)] in relation especially to degenerative changes in the ophthalmic 
division of the fifth nerve in cases of xerophthalmia, is one demanding 
much closer study both because of its scientific and its practical interest. 
When the degeneration is more advanced and the myelin sheath has 
disintegrated, structural recovery takes a much longer time. 
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The probable intespretation of the differences between the changes 
seen in the nerves of the carotene-deficient animals and those which are 
more familiar, namely, so-called Wallerian degeneration following injury 
when the axon is actually or virtually séparated from its cell of origin, is 
that in the former the changes come on more gradually and are much 
more prolonged. The structural changes following nerve section are well 
known and the appearance of a fibre at different times after severance 
from its cell of origin can be more or less accurately foretold. For 
instance, fourteen to sixteen hours after section, Marchi’s staining 
method will usually show the myelin sheath of the distal part of the 
nerve to be intact although stained with osmic acid ; this, presumably the 
annular stage, is rapidly passed, however, and in the course of another 
eight hours the myelin sheath is breaking down and droplets are seen 
inyading the axis cylinder. It seems probable, therefore, that the 
changes following injury and those caused by altered metabolism (toxic) 
differ only in degree and not in kind. 

Toxic degenerative changes are much less understood, and, as regards 
the particular problems under discussion in this paper, have not previously 
been the subject of study. As might be expected from allied work on 
other animals, the time of onset and the degree of severity of the nerve 
lesions in rabbits fed on carotene-deficient diets varies. The age of the 
animal at the beginning of the experiment, the prenatal and postnatal 
feeding and probably the rate of growth and breed, all affect the results. 
The reason for these influences can in some cases be understood. For 
instance, it is obvious that a rabbit with large stores of vitamin A in the 
liver at the time of the initiation of the experimental feeding will resist 
longer the influence of a carotene-deficient diet than one with only small 
stores of this substance. Similarly, a rapidly-growing animal might be 
expected to use up its stores more quickly. But some of the factors 
influencing the rate and severity of the onset, especially the question of 
age, are more difficult to understand. Age seems to bring about a 
greatly inqreased stability of the nervous system, and an adult animal is 
very resistant to the dietetic influences discussed here which in younger 
animals rapidly result in extensive degenerative changes in parts of the 
nervous system. 

In some experiments in the series the animals were killed soon 
after the general signs of abnormality were first observed; in others 4 
longer interval was allowed so that degeneration was more extensive. 
Sometimes, after the morbid condition had been produced, a source of 
carotene or vitamin A was added to the diet, with the result that further 
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degeneration was prevented and curative changes. were observed. This 
part of the problem will be discussed in a later paper. 

Distribution of nerve degeneration in carotene deficient rabbits —An 
account will now be given of the more common positions of the different 
levels of the brain and cord in which lesions are found in rabbits brought 
up on diets previously described where vitamm A and carotene are 
deficient. As it is not easy to take low-power photomicrographs of 
Marchi preparations which show up the degenerated fibres,°it was 
decided to make drawings showing the position and relative amount of 
degeneration at representative levels. At first it was thought that this 
would give as accurate a record as the work justified. On further 
consideration, since it seemed certain that some at least of the fibres 
involved in more obvious lesions could be identified, as those of the 
dorsal columns and of the spino-cerebellar tracts, attempts were made 
to associate more and more of the degenerated fibres with well recognized 
tracts. This procedure became more necessary when the medulla, pons 
and mid-brain were examined, as it was desirable if possible to make 
some kind of a unified story out of what at first sight seemed a mass of 
disconnected facts. The distribution of the degenerated fibres in the 
medulla and pons has helped considerably in the identification of 
degenerated fibres in the cord, for many tracts which are in close 
proximity in the latter separate out in the higher regions and therefore 
can be more readily differentiated. I have therefore attempted to 
describe the actual degenerative changes in terms of well-recognized 
tracts, in spite of the fact that in so doing some errors may have been 
made. l 

Although the brain-stem of the rabbit is built up on the same plan 
as that of other mammals, variations in the size and position of some 
of its component parts are apt to lead to difficulty in recognizing certain 
groups of nerve fibres and nerve cells (nuclei). For instance, the inferior 
olivary proturbances in the rabbit are small as compared with those of 

man. Again, in the human brain a large band of transverse pontine 
"fibres are seen superficially, while in the rabbit the pons is a relatively 
small structure (see fig. 1) so that these fibres form a comparatively 
narrow band. Before attempting to identify the lesions in the affected 
animals, it was thought desirable to fix the “land marks ” of the brain 
of the rabbit as compared with other mammals and for this purpose 
serial sections (80% thick) were made right through the brain of a 
normal animal. Every tenth section was stained with hemotoxylin 
after mordanting, so that a general view of the main anatomical and 
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histological arrangements in the rabbit’s brain was obtained (fig. 1) and 
compared with similar levels in man and dog. 

Even when the general relationship of the larger features of the 
brain are grasped, differences in the relative number and position of fibres 
forming established tracts in different species also bring difficulties in 
describing lesions in detail. The rabbit, in common with many other 
mammals, has no direct pyramidal tract in the ventral column so that 
the intense degeneration in this column, and especially in the fibres 
adjacent to the ventral fissure so commonly seen in the affected rabbits 
in this work, cannot belong to the direct pyramidal tract. Corrobora- 
tion of this deduction is obtained by the fact thet even in fairly severely 
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Fra. 1.-Diagrams of dorsal, lateral and ventral seg of a rabbit’s brain-stem to 
show the relative positions of diagrams 6-11 (rabbit A) and 14-19 (rabbit B), 


aflected animals it is rare to find degenerated fibres in the pyramidal 
tract of the pons and medulla, or in the crossed pyramidal tract of the 
cord. 

A still-further difficulty in interpreting lesions of the brain-stem is 
that, although the main tracts in the central nervous system of man and 
some animals have long been established, there are still many groups 
of neurons of whose origin, distribution and termination little is known, 
and this seems to be especially true in the case of some common 
laboratory animals like the rabbit and rat. 

In face of these difficulties it may be necessary to amend the names 
given here to some of the degenerating tracts ; the positions indicated 
in the figs. 3 to 19, however, represent the lesions as found in the 
majority of the experimental animals fed on carotene-deficient diets. 
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In view of the varied nomenclature adopted by different workers to 
distinguish any one tract, it may be well to add that in this publication: 
(1) The terms lumbar, thoracic and cervical have been used for the 
three main regions of the cord; @) that in cross-sections of the cord 
the three main divisions into which the long fibres are broken by the 
gray matter are referred to as the dorsal, lateral and ventral columns; 
(3) as far as possible the names used for the tracts indicate the origin 
and destination of the fibres. When two groups of fibres are found in. 
different positions and yet have the same endpoint and the same origin 
they are referred to as ventral, dorsal or lateral in relation to each other, 
e.g. ventral spino-cerebellar and dorsal spino-cerebellar (both in lateral 
columns), also ventral spino-reticulo-thalamic (ventral column) and 
. lateral spino-reticulo-thalamic (lateral column) (see fig. 2). 
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Fic. 2.—-Rough diagrammatic representation of the position of the main tracts in 
a rabbit's spinal cord. 


“The drawings seen in figs. 8 to 19 were made from representative 
sections (stained by a modified Marchi method) of the cord and brain- 
stem of two rabbits (A and B) in which severe signs developed. 
Sometimes a section of one of these rabbits reveals the points it is 
desired to emphasize better than those of the other. The first animal 
A, shows much degeneration of the cerebellar tracts, whilst in the second 
animal B, most degeneration was found in the fillet. The diagrams do 
not represent the distribution of degenerated fibres in all the animals of 
this large series of experiments; they demonstrate, however, the - 
positions in which degeneration is more commonly found. 

Both rabbits had the same carotene-deficient diet (one had a daily 
addition of untreated and the other of treated ergot). In A the earliest 
symptoms appeared about the twelfth week and by the twenty-second 
week there was definite though slight inco-ordination. Xerophthalmia 
and head movements were seen about the twenty-third week, and by the 
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twenty-fifth the animal was very inco-ordinate and had difficulty in 
regaining its balance when put on one side. It was killed on the twenty- 
eighth week, sixteen weeks after the first signs of nervous abnormality. 
The second animal B was on diet only eight weeks when it showed the 
first signs of abnormality, especially slight stiffness and head movements. 
These gradually increased although there was slight improvement over 
one period. After the twenty-first week its head was held permanently 
to the left and there was definite xerophthalmia. It was killed after 
twenty-five weeks (seventeen weeks after appearance of the first signs), 
when the inco-ordination was great and the head-jerks such that the 
animal tended to fall over backwards. 

An examination of figs. 3 to 19 shows the distribution of degenerated 
fibres and tracts in the spinal cord and brain-stem. In these drawings, 
black dots represent degenerating fibres as revealed by Marchi method, 
circles “o” represent fibres which have completely degenerated, and 
not annular degeneration (see p. 145). 


I.—-SPINAL CoRD. 


Ascending tracts.—In the spinal cord degeneration is found in the 
following ascending paths :— | 
(1) In both tracts of the dorsal columns. It is more common to find 
degeneration in the lateral than in the mesial column. 
(2) In the following tracts of the lateral solamns :— 
(a) dorsal spino-cerebellar ; 
(b) lateral spino-reticulo-thalamic ; 


[There is reason to believe that the ventral and lateral spino-thalamic 
tracts consist in part of fibres with synaptic interruptions, especially in 
the reticular formation of the brain-stem, and the two tracts are 
sometimes designated as the spino-reticulo-thalamic paths (Page 
Mav [5].] 

(c) ventral spino-cerebellar; and 

(dq) in the spino-tectal ; 
[The fibres of this tract are in the cord associated with the lateral 
spino-reticular-thalamic tract, -but it forms a separate tract in the 
mid-brain where degenerated fibres are seen (figs. 12 and 19).] 


(3) Inthe ventral columns the most prominent ascending degenerated 
fibres belong to: (a) ventral spino-reticular thalamic (see note 2) above) ; 
and (b) possibly spino-olivary tracts, 

Descending tracts.—There are degenerated fibres in the following 
descending tracts of the spinal cord : (a) the rubro-spinal ; (b) vestibulo- 
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spinal; (c) the dorsal longitudinal bundle. The extent of the dorsal 
longitudinal bundle in the rabbit is not definitely established. 

The main descending tract, namely the crossed pyramidal, is usually 
quite free from degenerated fibref, although in some of the carotene- 
deficient rabbits a few degenerated fibres are occasionally found in what 
is apparently the crossed pyramidal tract. ° 

It is interesting to note in connection with the obvious impairment 
of equilibrium in these rabbits that all the degenerated descending fibres 
so far identified are connected with the vestibular and cerebellar 
systems. 


II.—BRAIN-STEM. 


Ascending tracts.—In the brain-stem degeneration is found in the 
upward continuation of the ascending tracts of the spinal cord, including : 
(a) The dorsal spino-cerebellar, the degenerated fibres of which can be 
traced into the restiform body; (b) the ventral spino-cerebellar, fibres 
from which are seen entering the cerebellum via the superior peduncle ; 
(c) the lateral and ventral spino-reticulo-thalamic tracts which pass 
close together through the brain-stem directly, or indirectly, to the 
thalamus; (d) spino-olivary ; (e) degeneration is also found in the mesial 
fillet (composed largely of axons of cells in the nucleus gracilis and 
cuneatus) ; (f) in the lateral fillet which includes the second neurons of 
the auditory path; (g) the ascending fibres of the dorsal longitudinal 
bundle which connects the vestibular nuclei with the 3rd, 4th and 6th 
nuclei. 

Descending tracts.—The descending tracts of the brain-stem showing 
degeneration include: (a) Rubro-spinal. Some degeneration is seen 
in the mid-brain where the fibres decussate (figs. 12 and 19) and iñ 
the medulla; in the pons and cord they are difficult to distinguish from 
degenerated fibres of other tracts; (b) vestibulo-spinal; (c) dorsal 
longitudinal bundle (below the vestibular nuclei). 

Degenerated fibres are also seen in the intra-medullary portion of 
some of the sensory cranial nerves, especially the 8th and 5th. 

It is interesting to compare and to contrast the behaviour during 
life with the amount of degeneration in the dorsal longitudinal bundles 
(vestibular connections) in these two animals: the head movements 
came on earlier and were much more pronounced in rabbit B than in 
rabbit A. Corresponding with this there was more degeneration in the 
dorsal longitudinal bundle of rabbit B. There wasin rabbit A an access 
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of degenerated fibres in the dorsab columns at the lowest medulla level 
(fg. 7) (compare with the dorsal column of Cervical II (fig. 6)). 

In examining the individual drawings and comparing them with one 
another, it will be seen that the actual and relative number of 
degenerated fibres in many tracts vary in the different segments, 


Fia. 8.—Lumbar, Segment IV. FIG. 4.—Thoracic, Segment VII. 





Fic. 6.—Cervical, Segment II. 
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Fia. 7.—Medulla, pyramidal decussation. 


Drawings illustrating degeneration in brain-stem and spinal cord of a rabbit on 
a carotene-deficient dies. 


The following lesions were seen in the brain and cord of rabbits 
A and B. 


Tumbar.Segment IV (rabbit A) (fig. 3)—There are very few degenerated 
fibres in the dorsal columns; more are found in the cerebellar tracts and in the 
ventral columns adjacent to the ventral fissure. ‘There is less degeneration in 
the lumbar and sacral regions than in any other levels examined. ‘This is in 
general, true for all rabbits fed on these carotene-deficient diets. 

Thoracic Segment VII (rabbit A) (fig. 4).—There are many more degene- 
rated fibres in this level than in lumbar IV. Dogs brought up on diets 
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deficient in vitamin A and carotene often had comparatively few degenerated 
fibres in the thoracie cord [1 (c)]. 


Cervical Segment VI (rabbit A) (fig. 5).—In this region the degeneration 
seems to have reached its maximum in the cerebellar and ventral column tracts, 
while the dorsal columns appear to contain fewer degenerated fibres than in 
the thoracic levels. . 


Cervical Segment II (rabbit A) (fig. 6).—The main change usually seen in 
this region is the scattered appearance of the degeneration in contrast td that 
in the lower levels of the cord; this is partly because the ascending tracts are 
separating out in preparation for redistribution in the brain-stem. At this 
level the degeneration in rabbit A is more evenly distributed between the lateral 
and mesial parts of the dorsal columns than is generally seen. 


Medulla, pyramidal decussation (rabbit A) (fig. 7).—At the level of the motor 
decussation many degenerating fibres are seen in the dorsal columns near the 
nuclei cuneatus and gracilis, and also in the dorsal and ventral spino-cerebellat 
and lateral spino-reticulo-thalamic tracts. Rather less degeneration is seen in 
the white matter which includes the ventral spino-reticulo-thalamic, spino- 
tectal and spino-olivary tracts. 

The fibres of the ventral columns naturally assume a more lateral 
position owing to the decussation of the pyramids, none of the fibres of 
which are affected, although some transversely cut fibres between the decus- 
sating ones are degenerated. These probably belong to the dorsal longitudinal 
bundle; there is some degeneration in what appear to be the vestibulo-spinal 
and the rubro-spinal tracts. 

For the sake of clarity reference will first be made to some of the higher 
levels of rabbit A, then a few sections of rabbit B will be described. 


Medulla, higher part of sensory decussatton (rabbit A) (fig. 8). The inferior 
olivary and lateral reticular nuclei are just appearing at this level. Degener- 
ated fibres are present in the remains of the dorsal columns, although many 
fibres have entered the nuclei gracilis and cuneatus. The axons of some of, 
these cells can be seen sweeping through the reticular formation as internal 
arcuate fibres. There is much degeneration in the dorsal and ventral spino- 
cerebellar tracts but little in the mesial fillet (sf. fig. 15). The spino-reticulo- 
thalamic (above the level of the pyramidal decussation the lateral and ventral 
spino-reticulo-thalamic appear to run together), spino-tectal and possibly also 
the spino-olivary tracts contain some degenerated fibres and remain in 
approximately the same positions as in fig. 7. Of the descending fibres the 
dorsal longitudinal bundle and rubro-spinal tract show some degeneration; the 
vestibulo-spinal, still obscured by other tracts, is probably degenerated whilst 
the pyramidal is unaffected. The 12th nerve containing no degenerated fibres 
is seen passing ventralwards through the section. 


Medulla, level of inferior olivary nucleus and the 4th ventricle (rabbit A) 
(fig. 9).—At this level in rabbit A there is not much degeneration in the fillet, 
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but there is still *heavy degeneration inthe dorsal spino-cerebellar tract which is 
moving towards and entering the restiform body, the ventral spino-cerebellar, 
the spino-reticulo-thalamic and the spino-tectal tracts. There is some, but not 
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Fie. 10.—Section between medulla and pons. 


Drawings illustrating degeneration in brain-stem and spinal cord of a rabbit on 
a carotene-deficient diet. 


much, degeneration in the dorsal longitudinal bundle; of the other descending 
tracts, the vestibulo-spinal and what appears to be the descending vestibular 
root of the 8th nerve contain mote degenerated fibres. The latter has only been 
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traced as low as the higher levels of thd nuclei gracilis And ctineatus. Some 
small degenerated fibres are present in the position of the rubro-spinal tract. 
It is interesting to note that in this animal there are degenerated fibres among 
the cells of the lateral reticular nuclfus. These are only found in animals 
having much degeneration in the lateral cord columns and the restiform body. 
Rabbit B, which has less degeneration in the lateral tracts, does not show 
any degenerating fibres among these cells. The lateral reticular nucleus is said 
to relay impulses from the lateral tracts of the cord to the restiform hody. 


Section taken between medulla and pons (rabbit A) (fig. 10). The transverse 
pontine fibres are not seen although this section is taken above the level of the 
inferior olivary nuclai. A few fibres of the mesial fillet are affected. The large 
group of degenerated fibres on the latero-ventral aspect belong fo the ventral 
spino-cerebellar, the spino-reticulo-thalamic and spino-tectal tracts. There is 
much degeneration in the restiform body, mainly dorsal spino-cerebellar fibres. 
Degeneration is seen in the dorsal longitudinal bundle, vestibulo-spinal tract, 
the descending vestibular root and also ina few fibres of the rubro-spinal tract. 
The pyramids are free from degeneration, as also is the descending branch of 
the 5th nerve. (In one or two experiments this branch of the Sth nerve 
contained degenerated fibres.) Degenerated fibres are also found among the 
cells of the ventral cochlear nucleus. 

Level of the Bth and Tth nerves (rabbit A) (fig. 11)—In this section the 
transverse fibres of the trapezoid body can be seen. These, some of which 
are degenerated in rabbit A, arise in cells of the ventral cochlear nucleus and 
form the greater part of the lateral fillet of the opposite side (second neurons of | 
the auditory path). The pyramidal tract contains no degenerated fibres and 
remains at the ventral surface of the brain-stem. The degenerating fibres of 
the ventral spino-cerebellar tract can be seen between the 7th and 8th nerves, 
bearing dorsalwards to enter the superior cerebellar peduncle. The restiform 
body has already entered the cerebellum in spite of the fact that the pons is 
not yet established. There is now much less degeneration in the ventro-lateral 
region since the ventral spino-cerebellar tract has moved dorsalwards and some, 
of the spino-reticulo-thalamic fibres have probably entered relay stations in the 
reticular formation of the medulla. The only descending tracts in which 
degenerated fibres appear are the dorsal longitudinal bundle and the rubro- 
spinal. This section, being at the level of the 8th nerve, shows no descending 
vestibular root or vestibulo-spinal tract. Heavy degeneration is seen in the 
8th nerve, while the 7th and 6th are unaffected. 

Superior corpora quadrigemina (rabbit A) (fig. 12).—The only ascending 
tract containing degenerated fibres at this level is the spino-tectal. The others 
which showed degeneration in fig. 11 have probably entered relay stations; for 
instance, the spino-reticulo-thalamic fibres of the lower levels may have made 
synapses with cells in the reticular formation of the medulla and pons, 
some fibres of the lateral filles: have ‘probably entered the nucleus of this 
fillet, and the ventral spino-cerebellar tract has entered the cerebellum via 
the superior cerebellar peduncle. Degeneration is, however, seen in the dorsal 
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longitudinal bundle and in the rubrosspinal decussation. A few fibres of the 
8rd nerve also take up Marchi stain. Although there is no degeneration in 
the internal capsule or the pyramidal tract of the lower brain stem, there are 
a few degenerated fibres in the crusta of this level. 


Cervical, Segment II (rabbit B) (fig. 13).—It has previously been noted 









8th nerve 


- Dorsal long. bundle Soe or ae 4, 


Superior olivary nucleus ——{) 


Yth nerve 
Ventral spino-cei ebellar 


Rubro-spinal 
6th nerve 


Spino-tectal and spino- 
reticulo-thalamic 


Pyramids Trapezoid body 
Fig, 11.—Level of 8th and 7th nerves. 


—- Spino-tectal 


Dorsal long. bundle A 


e Rubro spinal decussation > J— 
BEEN dy 


“mrs 
— Pro. 12.—8uperior corpora quadrigemina. 


Drawings illustrating degeneration ın brain-stem and spinal cord of a rabbit on . 
a carotene-deficient diet. ` 


that in rabbit B the degeneration is most prominent in the fillet and dorsal 
longitudinal bundle, whereas in rabbit A the heaviest degeneration is in the 
cerebellar tracts. This can be seen by comparing figs. 6 and 18. In rabbit B 
many fibres of the dorsal columns show very advanced degeneration with 
absorption of the myelin, and, as might be expected, there is also advanced 
degeneration of the second neurons of this path in the mesial fillet but no 
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evidence of deg@neration in a third meuron has been found either in this 
rabbit or in any others of the series so far examined. 

Medulla, lower part of sensory decussation (rabbit B) (fig. 14).—Ascending 
degeneration is seen in the fillet, in the Ventral spmo-reticulo-thalamic tracé, 
in the dorsal and ventral spino-cerebellar tracts, in the lateral spino-reticulo- 
thalamic, in the spino-tgctal and possibly the spino-olivary tracts. Descending 
fibres in the dorsal longitudinal bundle, the vestibulo-spinal and the rubro- 
spinal tracts are degenerated. At this level the dorsal longitudinal bundle and 
the vestibulo-spinal tract can be seen in separate bundles, while in the cord 
they could not be clearly differentiated from other tracts. 


Medulla, level of the inferior olivary nucleus (below 4th ventricle) 
(rabbit B) (fig. 15)—In this section there is much degeneration in the fillet 
and also some in the dorsal spino-cerebellar tracts, but less than in rabbit A. 
The ventral spino-cerebellar, spino-reticulo-thalamic and spino-tectal tracts 
contain some degenerated fibres which are seen in the same positions as in 
fig. 8. Degenerated fibres of the vestibulo-spinal tract appear dorsal to the 
inferior olivary body. The dorsal longitudinal bundle and the rubro-spinal 
tracts containing degenerated fibres retain the same relative positions. There 
is no degeneration in the pyramids. So far, degeneration has not been found 
in the 12th, llth, 10th or 9th nerves. 


Medulla, level of snferior olwvary nuclei and 4th ventricle (rabbit B) 

(fig. 16). Degenerated fibres of the mesial fillet are the most prominent 
features of this section, degeneration being heavier than in any other of the 
ascending tracts. The dorsal spino-cerebellar, ventral spino-cerebellar, spino- 
reticulo-thalamic and spino-tectal tracts contain some degenerated fibres. The 
dorsal longitudinal bundle and vestibulo-spinal tracts are the most severely 
degenerated of the descending fibres, but the descending vestibular root and the 
rubro-spinal tracts are also affected. In contrast to fig. 9 (rabbit A) there are 
no degenerated fibres among the cells of the lateral reticular nucleus. The 
pyramids are again without degenerated fibres. 
o Level of 8th nerve (rabbit B) (fig. 17).—This section shows degenerated 
ascending fibres in the fillet, restiform body, spino-reticulo-thalamic, ventral 
spino-cerebellar and spino-tectal tracts. Degenerated descending fibres are 
geen in the dorsal longitudinal bundle, vestibulo-spinal and rubro-spinal tracts. 
The pyramjds are again unaffected. Roots of the 8th and 7th nerves can be 
geen and many degenerated fibres are present in the former, but none in the 
latter. 

Pons, 5th nerve level (rabbit B) (fig. 18).—Degeneration can be seen in the 
regions of the spino-reticulo-thalamio and spino-tectal tracts. The degenerated 
fibres of the restiform body have disappeared, and the degenerated ventral 
spino-cerebellar tract is now coursing towards the superior cerebellar peduncle. 
Degenerated fibres can be seen in the dorsal longitudinal bundle and what are 
presumably the rubro-spinal and vestibulo-mesencephalic tracts. The pyramids 
are again free from degeneration: Degeneration can be clearly seen in the 
fibres of the Sth nerve. 
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Posterior part of superior corpora quadrigemina (rabbit B) (fig. 19).—Much 
less degeneration is present in this section than in fig. 18. No degeneration is 


Fuwsarr B. 







Restiform body 


Dorsal long. bundle Descending vestibular root 


Vestibulo-spinal 

8th nerve s 
Rubro-spinal 

—— Ith nerve 

Ventral spino-cerebellar 
Spmo-tectal and spino-reticulo- 

thalamic 
Vewtabulo-mesencsphalic tract 
Dorsal long. bundle Ventral spino-cerebellar 


Rubro-spinal, spino-tectal 
and spino-reticulo-thalamic 


rf \ — — Sth nerve 


Fig. 18,—Pons, 5th nerve level. 


Teoto-spinal decusaatson 


Red nucleus 
Rubro-epinal decussation 


Brachium conjunctivam 
decussation 


n 
Fie. 19.—Posterior part of superior corpora quadrigemina. 


Drawings illustrating degeneration in brain-stem and spinal cord of a rabbit on 
a coarotene-deficient dist. ; 


seen in the ascending tracts of this region, as they have probably entered relay 
stations. Degenerated fibres are present in the dorsal longitudinal bundle and 
in the decussation of the rubro-spinal tract. 
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DEGENERATIVE CHANGES iN PERIPHERAL NERVES. 


Extension of the investigation to the peripheral nerves was begun becauss 
the inco-ordination of the animals, and especially the movements of the head, 
often appeared greater than might be expected from the extent of lesions of the 
central nervous system. For this reason the vestibular divisions of the 8th 
nerve were first examined and if soon became obvious that this nerve suffered 
greatly in the animals receiving the carotene-deficient diets. Thisis illustrated 
in Plate IV, fig. 1. Not only are the oxtra-medullary parts of these nerves 
degenerated, but intra-medullary fibres are also affected. (Plate V, fig. 1.) 
The degeneration in the 8th nerve accounts largely for the inco-ordination cf 
the head movements so often seen in carotene and vitamin A deficient animals. 
Fig. 2 shows the normal when cabbage was included in the diet. 

The cochlear division of the 8th nerve was then examined, and here again 
changes were revealed, which are illustrated in Plate IV, figs. 8 (a) and (b). It 
will be seen that while the rabbit receiving carrots (figs. 4 (a) and (6)) has a 
normal nerve, that of the carotene-deficient animals contains fibres with 
extensive myelin changes (figs. 3 (a) and (b)). Similar differences were also 
geen in that part of the cochlear nerve which passes through the cochlear bone. 
Preparations were made aiter decalcification of the bone. A point of special 
interest is the round-cell infiltration within the bony cochlear found in the 
carotene-deficient animal and the absence of these cells from the control. Tha 
results obtained leave little doubt that the cochlear nerve is very susceptible in 
these young rabbits to the special nutritional defect under examination. 

Degenerating fibres were also found in the optic nerves of the carotene- 
deficient animals (Plate V, figs. 3 and 4). I have shown elsewhere [1 (8)] 
that these changes were sometimes so severe in dogs which have been fed for 
several years on a vitamin A and carotene-deficient diet that all the fibres cf 
the optic nerve have disappeared. This aspect of the subject I propose to deal 
with at greater length in another publication because of its possible relationship 
to retrobulbar neuritis and night blindness, the latter a well-recognized result 
of vitamin A and carotene deficiency. 

The other sensory nerve of the eye—the ophthalmic division of the 
trigeminal nerve—has been discussed in full previously, more particularly in 
relation to xerophthalmia [1(e)]. It was there shown that degeneration of 
this nerve and xerophthalmia are associated, and that the latter can probably 
be regardefi as due to a loss of neurotrophic control. 

It is evident that these investigations on the optic and trigeminal nerves, 
by supplying a common basis in the form of afferent nerve defect due to a 
specific dietetic deficiency, offer an explanation for two pathological conditions 
affecting the eye, night blindness and xerophthalmia, two conditions which at 
first sight seem to have no relation to one another. 

One other sensory nerve of the head, namely, the inferior dental nerve, has 
also been the subject of inquiry by M. Mellanby and J. D. King [6], who have 

.shown that vitamin A and carotene deficiency bring about, in young rats, dogs 
‘and rabbits, degenerative changes in it. They also found evidence that these 
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demyelination changes were related to hyperplasia of the epithelium of the 
gum margin, especially of the part adjacent to the teeth, and the subsequent 
invasion of the epithelial cells by micro-organisms resulting in pyorrhm@a, a 
disease which develops in animals eating a cereal diet deficient in vitamin A 
and carotene [7]. 

Thus it is evident that all the sensory nerves of the head so far examined 
in young rabbits are affected by carotene deficiency, including both auditory 
and vestibular branches of the 8th nerve, sensory branches of the 5th nerve 
to the eyes and teeth and the optic nerve. On the other hand the motor 
cranial nerves were normal in the experiments so far completed at a time when 
the sensory nerves of the head showed great demyelination changes; a few 
degenerated fibres, however, have been occasionally seen in the 3rd nerve 
(fig. 12). | 

In view of the almost clear-cut division between the susceptibility of the 
sensory and motor cranial nerves, it was a matter of interest to see whether 
other afferent and efferent nerves behaved similarly under these dietetic 
conditions. Sciatic nerves which contain both efferent and afferent fibres are 
affected by carotene deficiency (compare figs. 6 and 6 of Plate V). On the 
analogy of the cranial nerves it seemed likely that the afferent fibres would be 
affected and that the motor fibres would escape. This is the case in the 
majority of the experiments for, in the rabbits brought up on carotene-deficient 
diets and showing typical signs of the deficiency, the ventral roots (motor) were 
usually free from myelin degeneration, whereas the dorsal roots were always 
affected (Plate VI, figs. 1 to 4). Both roots of the animal fed on cabbage 
are devoid of degeneration, whereas in the animal not receiving carotene the 
dorsal root shows much degeneration, whilst the ventral root is normal. This 
‘is the usual result, but in animals where the dietetic defect has continued for 
a long time some of the ventral root fibres also may be degenerated. The 
affection of the dorsal roots can be clearly demonstrated by Cajal’s osmic 
method (Plate VI, figs. 5 and 6). When the rabbit had the basal diet only, the 
degenerative changes are obvious (fig. 5), but when a few drops of concentrated 
vitamin A oil (0°1 o.c.=100 blue values), were added to the diet the fibres ato 
normal (fig. 6). 

Reference has been made above to the vagus nerve. It might be expected 
that, although the motor fibres in this nerve would escape, its afferent fibres 
would suffer in the same way as most of the other afferent nerves. This has 
not been found to be true; in spite of many examinations of these nerves, even 
in severely, affected animals, no degenerative changes have so far been seen in 
them. In rats brought up on a vitamin A deficient diet, Zimmerman [8] 
found some degeneration in the vagus nerves in only four out of eight animals 
examined, but in all there was extensive degeneration of the medullary sheaths 
of the brachial plexuses and sciatic nerves. ` tS 

There is still a wide field left for future observation’ as regards these nerve 
changes. Itis known that both the skin and epithelial surfaces are particularly 
susceptible to infection in vitamin A deficiency, and epithelial, surfaces also 
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develop charactertstic changes as hyperplasia and. keratinization of their cells. 
On the analogy of the eye (xerophthalmia) and the gums (periodontal disease) it 
is probable that these epithelial changes are related to degeneration of the 
corresponding afferent nerves. It would ee of interest to know whether the 
afferent nerves from joints and muscles are also affected by the dietetic 
deficiency under examination, and, if they are so affected, whether specific 
lesions are produced in these end organs which correspond to the pathological 
changes developing in the skin and epithelial surfaces. 


NERVE-CELLS. 


In view of the great degenerative changes in the conducting fibres of 
the cord resulting from these specific nutritional defects, it Is not surprising 
that many cells are also affected. Indeed, it is not improbable, consider- 
ing the differentiation between the widespread degeneration of the inter- 
medullary ascending fibres and the afferent nerves and the comparative 
immunity of the descending tracts and the efferent nerves, that many of 
the primary effects of the abnormal nutrition under consideration are on 
the cells and that the changes in the nerve fibres are secondary. 

In spite of the large amount of work done by many investigators on 
the morbid anatomical changes of nerve-cells, there still remains à general 
lack of systematized knowledge as to the relation of the structures seen 
under the microscope after fixation and other treatment and their func- 
tional state during life. Nissl’s bodies found in suitably stained sections 
vary in size, shape and arrangement in the different nuclei of any one 
species, and in different species cells having the same functions often 
vary greatly in appearance. This introduces a difficulty into the inter- 
pretation of experimental results even when care is taken to use 
controlled and efficient methods of fixation and to avoid post mortem 
and manipulative changes. However, when all technical errors in 
preparation have been avoided and all the procasses are carried through 
as far as possible under identical conditions, there is no doubt at all that 
there are greater differences in the microscopical appearances of the nerve 
cells of thescarotene-fed and carotene-free animals than can be pooguared 
for by normal variations. 

When nerve-cells undergo degenerative changes as the result of 
lesions of their axons, the process is usually called secondary degenera- 
tion. Cell changes brought about by toxic agents are known as primary 
degenerations. This phraseology was introduced by Marinesco. 

Secondary degeneration of the nerve-cell due to injury of its axon, 
and particularly the changes in the chromophile elements, was discovered 
by Nissl [9]. It consists of a breaking up of the chromophile elements 
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first beginning round the nucleus, swelling of fhe whole cell and a 
movement of the nucleus towards the periphery. All nerve-cells whose 
conducting fibres are cut do not react in this way. The best reactions 
are seen in motor cells, as those èf the ventral horns or in the cortical 
-motor. cells, when their respective conducting fibres suffer transection. 
Peripheral afferent nerve-cells, as those of the.dorsal root ganglion, 
undergo secondary degeneration when the peripheral portions of the fibres 
are divided, but not when their central processes, i.e. the dorsale roots, 
are injured. . | 

In the central nervous system itself, apart from the chromolysis 
and other changes seen in the cells of Clarke’s column when the dorsal 
‘spino-cerebellar tract is destroyed, but little is known of secondary cell 
changes in ascending systems. It is certain, however, that afferent 

cells in the central nervous system are by no means as susceptible to 
this type of change as the motor cells. 

The question of primary or toxic reactions of nerve-cells, the so-called 
primary degenerations, is even more complex. Since the introduction 
of the Nissl technique, many investigations have been made to determine 
the changes produced in nerve-cells by known toxic substances. 
Nissl [11] himself investigated the action of many such substances 
including lead, arsenic, phosphorus, mercury, silver, alcohol, morphine, 
bromide, cocaine, trional, veratrine, strychnine, carbon disulphide, and 
tetanus toxin. Goldscheider and Flatau [12] also' made many investi- 
gations into the effect of pathological conditions produced experimentally 
on nerve-cells. Russell [13] has studied the effect of parathyroidectomy 
on cells of the nervous system, and in more recent times Dye [14] has 
compared the effect of parathyroidectomy and cretinism on the nerve- 
cells of dogs. Other harmful procedures whose effects on nerve-cells 
have been studied include ischemia, inanition, hyperpyrexia, uremia, 
extirpation of the ‘suprarenal bodies, and i BERLE and natural 
infection. 

Although it is undoubted that nerve-cells undergo chapges under 
many of the above conditions, the subject of primary degeneration has 
remained generally unsatisfactory aud undeveloped. One of the diff- 
culties in work of this nature is, as Nissl himself recognised, that under 
conditions which produce primary degeneration of the nerve-cells even 
one group may show the widest variations, some appearing nearly normal 
and others having great degenerative changes. Even in normal animals 
‘the cells in one group may vary in their appearance. In his studies of 
the effect of parathyroidectomy and cretinism on the nerve-cells of dogs, 
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Dye [14] met the same difficulties. „He found that chromolytic reaction 
in nerve-cells follows the same general course in conditions of such 
diverse symptomatology as parathyroid tetany and cretinism, and 
decided that chromolysis is a reaction of nerve-cells initiated by any 
factor which opposes the normal physjological equilibrium of these units, 
a conclusion similar tp that reached years ago by Van Gehuchten. t 

In primary degenerative changes, as pointed out by Van Gehuchten 
{15], the Nissl bodies or chromophile particles do not, as a rule, undergo 
real chromolysis. When altered in this direction there is no real 
dissolution of the chromophile substance, but rather an achromatosis or 
partial disappearance or change of chromophile elements in some part 
of the cell. Marinesco states that, when the lesions are primary, 
chromolysis commences in the periphery of the nerve-cells and spreads 
towards the centre, whereas in secondary or traumatic degeneration the 
cBhromolysis begins centrally and spreads towards the periphery. 

In the present investigations the changes in the nerve-cells can be 
classified among the primary or toxic group, although produced by 
ordinary foodstuffs without the addition of any known toxic agent. On 
the whole, but not absolutely, Marinesco’s generalisation as to the 
peripheral location of changes in the Nissl bodies in primary degeneration 
applies to the present results, although there are some exceptions. Real 
chromolysis (in the sense used by Nissl) is not very common, and when 
present generally affects a small portion of the cell either at the periphery 
or near the nucleus. A few instances of chromolysis comparable to that 
seen in secondary degeneration were found, more especially in certain cells 
of the medulla. More often the granules lose their discrete form and are 
in a powdery or lightly staining condition, the parapyknomorphic change 
of Nissl. At times the Nissl bodies may be aggregated into clumps, and 
in other cases they may be so changed that the cell takes on a more 
intense, even stain and is described as chromophile. 

In addition to degenerative changes in the cytoplasm, the nucleus 
and nucleolus are often affected. They may be swollen or shrunken. 
Sometimes the nucleus leaves the centre of the cell and becomes 
eccentrically placed. Occasionally the nucleus seems to have disappeared 
or its space to be invaded by the cytoplasm with Nissl bodies. At 
times the nucleus may appear finely granular instead of clear as it is 
normally. 


1 For discussions of the various hypotheses concerning chromolysis in damaged nerve cells 
see Van Gehuchten, Anatomie du Systeme Nerveur, de l'homme, 1900, Vol. 1, pp. 818-839; 
also 8. Ramon-y-Oajal, Histologie du Systeme Nerveuz, 1909, Vol. 1, pp. 214-222, 
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If any one of these abnormalities appeared in a.group of nerve-cells 
the problem of description would be relatively simple, but the fact is 
that in any group of cells in a single animal: many of these appearances 
can be detected in different cells.* Even in the control animals, where 
the diet contains abundant carotene and the condition of the animals is 
excellent,-a few of the cells will often appear abnermal. Thus it often 
happens that, although the observer feels fully assured that the experi- 
mental condition under investigation has produced degenerative chinges 
in particular groups of nerve-cells, when he comes to describe these it 
is a matter of great difficulty. 

The following brief description of changes in nerve-cells that are 
produced by diets high in cereals and deficient in carotene is given not 
so much because of any claim to finality, but rather to introduce an aspect 
of nerve-cell pathology which is easily producible experimentally and 
which, because of its probable significance in man, is worth more detailed 
study, for it will be generally agreed that a pathological condition of the 
nervous system which can be produced by ordinary foodstuffs is an 
important field of investigation. ' 

The chief fixatives used for nerve-cells were 10 per cent. neutralized 
forinol saline and Carnoy’s solution (Perdrau’s modification). Of these 
Carnoy’s gave the better results owing to more rapid penetration due to 
the presence of acetic acid, the subsequent staining being deeper and 
sharper as well as more lasting. 

The stains employed for demonstrating ihe changes seen in nerve- 
cells include: methylene blue (polychrome), toluidene blue and the 
Unna-Pappenheim stain (pyronin and methyl green). Silver impregna- 
tion methods have so far been little used in these experiments although 
there are indications that such methods would give interesting results. 


CHANGES IN NERVE-CELLS. 


Dorsal root ganglia (Plate VII, figs. 1 to 7).—In the dorsal root ganglia 
there are normally two types of cells, the larger staining rather faintſy and the 
smaller more strongly. The most representative change in these ganglia in 
carotene-deficient animals is the powdering and loss of defined granules in 
the main body of the cell and the apparent concentration of granules around 
elther the nucleus or the outer edge. The only obvious differences between 
degenerated large and small cells is that the small cells seem to be more 
affected by the ‘ piling ” reaction, but this may be more apparent than real 
owing to their deeper staining. This “ piling ” of the granules around both 
the nucleus and the outer’ edge has been seen in the same cell, but it is 
most common to find the chromophile substance concentrated around the 
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nucleus. Eccertric nuclei have also keen found. The nuclei of the capsule 
or, according to Cajal, the sub-capsule, have sometimes proliferated around 
degenerate cells, giving by Nissl’s method a picture akin to what hasbeen called 
“ neuronophagia ” in the cells of the cantral nervous system. 

Gassertan gangla.—Changes in the cells of the Gasserian ganglion are 
also seen in the carotene-deficient animals. These include eccentric nuclei, 
proliferation of the nuclei of the cell capsule, powdery granules and “ piling ” of 
the granules around the nucleus and at the outer edges of the cell, the latter 
i being very distinct. (“ Piling” appears to be less obvious in cells of the 
central nervous system than in those of the dorsal root and the Gasserian 
ganglia, which are the only cells of the peripheral nervous system so far 
examined). 

Clarke's column and other dorsal horn cells (Plate VIII, figs. 1 and 2. 2)— 
These cells are rather small, and even in the normal the granules are not 
clearly defined. There are, however, undoubted differences between the 
animals with and without carotene. In advanced cases of carotene-deficient 
diets some cells seem to have disappeared, leaving only a skeleton behind, but 
loss of granules without other apparent change is common. In less severe 
cases neuronophagia, loss of definition of the granules and eccentric and 
slightly granular nuclei are the usual changes. 

Lateral horn colls. No striking changes have so far been noted in these 
cells. : 
Ventral horn cells (Plate VIII, figs. 8 and 4).—The large motor cells are 
usually entirely free from degeneration; occasionally, however, in advanced 
cases of vitamin A deficiency, clumping of the granules and even slight 
chromolysis, is found, 

Nucle: gracils and cuneatus.—The cells of these nuolei fall into line with 
the other cells of the afferent paths. Hecentric nuclei, powdery granules and 
loss of granules being seen-in carotene-deficient animals, whilst in those on & 
carotene-containing diet they remain normal. 

Lateral reticular nucleus (Plate VIII, figs. 5 and 6).—Powdering and loss 
of granules, clouding of the nucleus, eccentric nuclei and neuronophagia are the 
usual changes in the carotene-deficient animals. These groups of cells are 
usually only badly affected when there is much degeneration in the lateral 
columns of the cord and in the restiform body (see also p. 164, R. Cajal and 
and V. Gehuchten). 

Olwary nucleus —This nucleus receives sensory fibres from the ventral 
columns. Even in animals on the carotene-containing diets cells of the olivary 
nucleus with clearly defined granules seem to be rare. Eccentric nuclei have 
been found in cells of animals on a carotene-deficient diet and this seems to be 
the main difference from control animals. 

Hypoglossal nucleus—There are no definite differences in these nuclei 
between animals on carotene and carotene-deficient diets. 

Nucleus solstarius (position rather more dorsal than in man).—This nucleus, 
which receives afferent branches from the facial, glossopharyngeal and vagus 
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nerves, is often severely affected. The eell changes are powdering and loss of 
granules, frequently with eccentric nuclei. Some of the cells in this nucleus 
in two or three carotene-receiving animals appear to be slightly degenerated 
compared with those considered as normal. 

Nucleus ambiguus.—In this nucleus changes have been noted in the 
experimental animals. Powdering of the granules is by far the most common 
change, but eccentris nuclei have been seen; in a few carotene-deficient animals 
showing definite changes in many other nuclei no abnormalities have been seen 
in this group of cells. In the animals receiving carotene no degenerated ‘cells 
have been found. 

Vestibular nuclei (Plate VIII, figs. 7 and 8).—In carotene-deficient animals 
changes in the lateral and medial vestibular nuclei are seen regularly, the cells 
of the latter appearing most severely affected. Powdering of granules, 
eccentric nuclei and neuronophagia are the common changes, but in advanced 
cases Many remnants of degenerated cells are also found. Cells of the control 
animals are normal. 

Facial nerve nucleus (Tth).—These cells are large and usually have woll- 
defined nuclei and Nissl granules in both carotene and carotene-deficient 
animals. Degenerative changes-have been found in some cells in two out of 
the ten facial nuclei of the deficient animals examined, but none in the carotene- 
fed rabbits. 

Abducens and accessory Gih nuclet—Few cells of these nuclei have been 
examined, but no ditferences between those in the animals with and without 
carotene have been observed. The slight changes seen in one oase were 
within what are probably the normal limits. 

Descending 5th nucleus.—-Changes are usually seen in the small cells of this 
nucleus in the affected animals. In some advanced cases they appear to 
have been entirely destroyed, but powdery granules and eccentric nuclei can 
be found in most experiments in which the animal’s diet did not contain 
carotene. 

- Oculomotor nucleus (Plate IX, figs. 1 and 2).— This nucleus, even in the 
control animals, contain cells which appear to be abnormal; more of these are” 
seen in the carotene-deficient animals, and in one or two cases extensive 
degeneration was present. 

Red nucleus (Plate IX, figs. 8 and 4).—Glumping of the granules is the 
most obvious change in the cells of this nucleus in the carotene-deficient 
animal. The granules appear larger and more widely scattered and have no 
definite arrangement as inthe normal. Powdery granules have also been found 
fairly regularly, but on the other hand eccentric nuclei and neuronophagia 
have been so far rarely seen. 

Purkinje cells (Plate VII, figs. 5 and 6).—Purkinje cells of the cerebellar 
cortex in rabbits receiving carotene are flask-shaped and have a large nucleus 
with a nucleolus situated towards the base of the flask. The protoplasm is 
normally granular and around the nucleus has a deeply staining demilune 
appearance. Of all the groups of cells ‘examined in this work these show 
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perbaps the thost eonsistent changes. In the well-established cases of 
carotene deficiency it is rare to see many Purkinje cells in which some change is 
not apparent. The nucleus becomes cloudy and can often only be recognized by 
means of the nucleolus, the demilune merges into the rest of the protoplasm 
and cannot be differentiated, the cell, edges become frayed and sometimes, 
although the whole cell stains deeply, granules cannot be distinguished. 

Dentate nucleus.—These cells in the carotene-deficient animals do not as a 
rule show such severe changes as the Purkinje cells, but loss of definition of 
the nucleus and powdery granules are often found. 

Other groups of cells (Plate IX, figs. 7 and 8).—Here are included the 
medial accessory olivary nucleus and cells scattered in the median raphe, 
especially in the medulla. Many cells showing the changes described above 
are seen, but intense chromolytic changes such as are found when the axon of 
a motor cell is cut were obvious in some cells. These are the cells referred to 
on page 164 as exceptional in their reactions. Their appearance, in contrast 
with most other cells examined in this investigation, would suggest trauma of 
their conducting axon. 


DISCUSSION. 


The foregoing account describes some of the changes in the central 
and peripheral nerve-fibres, and in the central and peripheral nerve-cells 
which can be readily produced in young rabbits by diets rich in cereals 
and deficient in carotene and vitamin A. Only the anatomical changes 
in relation to the general behaviour of the affected animals have been 
dealt with here. The experimental development of the study and its 
clinical significance I have discussed elsewhere [1 (a) (b) (c) (d (e) G) ]. 
There [1 (c) (d) ()] I have mdicated a probable relationship between 
various diseases of the nervous system and diet which further work will 
no doubt expand. ‘There is, for instance, good evidence that in some of 

ethe so-called toxic degenerations, especially those associated with 
restricted diets as convulsive ergotism, pellagra and lathyrism, a deficient 
intake of vitamin A and carotene is of setiological significance. In sub- 
acute combined degeneration of the cord, the evidence is not so good, 
but it ise difficult to escape the conclusion, not only that this disease is 
nutritional in origin, but that the responsible defect involves a biochemical 
mechanism in which vitamin A is concerned. Even in disseminated 
sclerosis there is suggestive evidence that a diet rich in vitamin A and 
other protective food factors increases the resistance of the nervous 
system to the toxic agent at fault, and that such a diet can improve the 
clinical condition of early acute attacks of this disease and possibly check 
the rate of advance in more established chronic cases. 
It is necessary to emphasize that the investigations here described 
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and the interpretation of the results must only ba regarded as of a 
preliminary nature ; it is for neurological experts to develop the subject 
which is essentially one of toxic degeneration of the nervous system 
produced by ordinary foodstuffs ang the protective effect of other specific 
substances. The fact that the same kind of degenerative changes can 
be experimentally produced by dietetic means in dogs and rats, together 
with the fact that morbid conditions of a comparable nature are found 
in man, show the subject to be one of both scientific and practical 
interest. The work emphasizes the importance of the specific relation 
of nutritional substances to the structure and proper action of the whole 
nervous system. Possibly the results may prove of even greater 
significance; the fact that degenerative changes are more easily produced 
in young than in old animals suggests that these same nutritional factors 
play a large part in determining the structural development of the, 
nervous system, either as a whole or in part, in early life and even in 
the fœtus. If this is so, itis another instance of the supreme importance 
of the proper nutrition of the mother during pregnancy and lactation, 
and of the young child during the development of the nervous system. 

I have already mentioned the difficulty of producing lesions in the 
adult animal by diet. Until recently I had not succeeded in either 
rabbits or dogs. Lately, however, some success in this direction has 
been obtained, but an account of this work I shall leave to a later 
publication. Suffice it to say that the intensity of the degenerative 
changes has not approached that described in this paper when young 
animals were investigated. In adult animals the amount of demyelina- 
tion of fibres and the lesions in the nerve cells of the central nervous 
system are relatively small. There is some evidence that, apart from a 
deficiency of vitamin A and carotene and excess of cereal, some other, 
nutritional defects aid in the production of degenerative lesions in the 
nervous system of adult animals. It would in fact appear that vitamin 
A bears the same kind of relation to the nervous system as vitamin D 
bears to bone and teeth structure. Had the experiments whigh led to 
the discovery of vitamin D been begun on adult animals, the successful 
issue would have been greatly delayed; for although osteomalacia in 
adult animals or man is clearly comparable to rickets in early life, this 
disease does not develop when vitamin D insufficiency is the only 
dietetic defect as rickets does in infants. It is possible that the difficulty 
of producing nerve lesions in adult animals by vitamin A or carotene 
deficiency is due to the fact that vitamin A controls some form of 
metabolism and works in conjunction with other dietetic elements. in a 
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way comparable te the interaction of vitamin D with calcium and 
phosphorus. Further work will have to be done before this question is 
settled. It can be said with assurance, however, that the adult nervous 
system is much more stable under thé experimental conditions employed 
than that of young animals and that it is more difficult to produce 
nervous degeneration by defective diets. 

It may be asked, does this work provide any solution to the question 
as.té whether the nerve-cell or its conducting fibre is first influenced by 
the special dietetic conditions used? No definite answer can be given. 
It was hoped that the results of experimental studies of secondary 
(traumatic) degeneration might throw some light on this problem. 
Conducting fibres when cut off from their nerve-cells degenerate, but 
only in certain nerve-cells does chromolysis appear. For instance, 
motor-cells of cerebral nerves always react in this way, while spinal 
anterior horn cells sometimes show chromolysis after simple section of 
their axis cylinders, while in other cases severer injury of their 
conducting fibres is necessary to produce the typical change. Again, 
many of the afferent nerve-cells seem to remain normal, or at least 
escape sufficiently great change to be demonstrated by histological 
methods in general use, after injury of their conducting fibres, e.g. the 
posterior root ganglion cells after section of the posterior roots, also 
the ganglion of the vagus after section of the nerve central to the 
ganglion (van Gehuchten [16]). Thus it would seem that nerve-fibres 
can in some cases be damaged without the nerve-cells undergoing obvious 
degenerative changes, and that this applies specially to nerve-cells and 
fibres of the afferent system. 

Recent work of Sherrington [17] has shown on the other hand that 
, motor nerve-cells can show changes of degeneration without their conduct- 
ing fibres being structurally damaged. In his recent experiments total 
spinal transection in the dorsal region of the cord of monkeys produced 
chromolysis in ẹ number of motor horn cells in the hind-limb region, 
e.g. in he th lumbar segment. However, the motor fibres arising 
from chromolysed cells which supply the tibialis anticus, the anterior 
longus digitans and gastrocnemius failed to show any degeneration even 
seventeen days after spinal transection. It is clear that nerve-cells can 
show: chromolysis and yet their conducting fibres escape obvious myelin 
degeneration. It is interesting to note that, although these fibres 
appeared normal in structure, evidence was obtained which indicated 
that they were not normal in function (Sherrington [17], and Fulton 
and Sherrington [18]. Thus the contraction of the innervated muscle 
in response to a single shock stimulus was of subnormal tension value 
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and very sluggish as compared with the response of the fame muscle in 
a normal animal. Sherrington calls this type of reaction “ transneuronal 
degeneration.”’ 

So far, then, the evidence of traumatic degeneration indicates that 
spinal motor nerve-cells may be either normal or abnormal when the 
conducting fibres are degenerated, that the nervVe-fibres may appear 
normal when their corresponding cells show chromolysis and that, in 
the case of some afferent nerve units, the cells may escape chromolysis 
when the conducting fibres are degenerating. It is evident that these 
results of trauma offer no aid to the solution of the problem as to whether 
the primary lesion in experiments described in this paper is in the nerve- 
cell or its conducting fibre. 

At one period of the work, when the démyelination changes in nerve- 
fibres seemed to be.the outstanding effect of vitamin-A deficiency, 
H. N. Green. [19], working in my laboratory, endeavoured to find out 
whether vitamin A had some special relationship to fat metabolism. If 
this had been established, it might have afforded some support for the 
view that the nerve-fibre, and especially its myelin covering, was 
primarily involved in vitamin A deficiency. However, there was no 
evidence of any specific relationship between vitamin A and fat 
metabolism. 

There is, as indicated above, a good deal of specificity in the nerve 
cells and fibres affected, the afferent system being on the whole much 
more liable to change than the motor system. This might be regarded 
as evidence that the nerve-cell lesion is primary because it seems more 
likely that specificity of reaction would be shown by nerve-cells than 
nerve-fibres, It may be possible to settle this question in the adult 
animal, for early observations indicate abnormality of the cell without 
any obvious change in its conducting fibres. Thus in one adult animal 
the ganglion cells of the retina are degenerating and show chromolysis 
while there is no obvious myelin degeneration in the optic nerve. 

In their biochemical aspect these experiments have a particular 
interest, especially in view of earlier and contemporary work showing the 
close interaction between specific chemical substances and the nervous 
system. I refer particularly to the recent work by Dale and his 
colleagues [20 and 21] on acetyl choline in relation to nerve-endings and 
nerve-cell activity, and to the earlier investigations which established the - 


close relationship between adrenaline and most sympathetic nerve-endings i 


(Elliott [22]). It would appear indeed that a new stage of biochemical 
knowledge regarding nervous tissue is opening up, and that the time is 
not far distant when there will be much more information available about 
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the physiologichl action of specific’ chemical substances in controlling 
the normal structure and function of nervous tissue. It has long been 
known that the nervous system is specially susceptible, and gives specific 
responses, to many drugs of plant origin, and it might, therefore, be 
expected that this system would also be controlled by chemical agents 
with a drug-like actiôn which are, however, physiological and present in 
the body. Modern investigations, including the present work, show 
that this is certainly the case and that the field is one of great promise. 


SUMMARY. 


(1) A diet is described deficient in carotene and vitamin A which 
allows young rabbits to grow until abnormal movements and general 
behaviour indicate widespread pathological changes in the nervous 
system which can_be demonstrated post mortem. 

(2) The daily addition of 1 to 3 mgm. of pure carotene, or of some 
source of carotene (carrots, cabbage, &c.), to this basal diet prevents the 
development of these lesions of the nervous system. Vitamin A has the 
same protective effect. 

(3) Generally speaking, it is the afferent side of the nervous system 
which is specially affected, but so far degenerative changes have only 
been found in the first and second neurons. All the afferent nerves 
of the head examined, including the optic nerve, the sensory fibres of the 
5th, and the auditory and vestibular fibres of the 8th, suffer greatly. 
The motor cranial nerves usually escape, but some degeneration has 
occasionally been found in the 3rd nerve. In the body the same rule 
holds, the degeneration uffecting primarily the dorsal root-fibres, those 
of the anterior robots remaining normal except when the nutritional 
deficiency has been very prolonged. No degeneration has been seen so 
far in the vagus nerve, even in its afferent fibres. 

(4) A description of the distribution of myelin degeneration in the 
nerve-fibres and tracts inside the nervous system at different levels is 
given. Mere, again, the fibres affected are mostly ascending and include 
the dorsal and ventral spino-cerebellar, the dorsal and ventral spino- 
reticulo-thalamic tracts, and the tracts of the dorsal columns. Some 
descending tracts suffer change, including the rubro-spinal, the dorsal 
longitudinal bundle and: the vestibulo-spinal, all of which are associated 
with the mid-brain or medulla. The pyramidal tract generally escapes 
in the rabbit under these nutritional conditions. 

(5) Degenerative changes of different degrees are seen in nerve-cells 
as well as in their conducting neurons; a description is given of the 
histological appearance of many such cells both in the central and 


PLATE III. 





‘Photomicrograph of section of high cervical cord, rabbit B, stained by hematoxylin 
after mordanting. Pale areas show complete loss of many fibres. 


To illustrate paper by Edward Mellanby. 


PLATE IV. 
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Fic. 1.—Vestibular division of 8th nerve, diet deficient in carotene and vitamin A. 
Marchi stain x 280. 


Fic. 2.—Vestibular division of Sth nerve, diet contained cabbage. Marchi stain 
x 280. 


F1G. 3a.—Cochlear division of 8th nerve, diet deficient in carotene and yitamin A. 
Marchi stain x 280, 


Fic. 3b.—Cochlear division of 8th nerve, diet deficient in carotene and vitamin A. 
Marchi stain x 750. 


Fic. 4a.—Cochlear division of 8th nerve, diet contained carrot. Marchi stain 
x 280. 


Fic. 46.—Cochlear division of 8th nerve, diet contained cabbage. Marchi stain 
x 750. 


(In this and the following plates the photomicrographs were reduced by one quarter 
in reproduction.) 


Photomicrographs illustrating 8th nerves (vestibular and cochlear divisions) in rabbits, 
with and without carotene and vitamin A. 


To illustrate paper by Edward Mellanby. 


PLATE V. 





Fig. 1. Fia. 2. 





Fig. 5. 


Fic. 1.—Intramedullary 8th nerve, diet deficient in carotene and vitamin A. Marchi 
stain X 280. ° 


Fic, 2.—Intramedullary 8th nerve, diet contained pure carotene. Marchi stain 
x 280. 


Fig. 3.—Optie nerve, diet deficient in carotene and vitamin A. Marchi stain * 280, 
Fic. 4.—Optie nerve, diet contained carrot. Marchi stain X 280. 


Fic. 5.—Seiatie nerve, diet deficient in carotene and vitamin A. Marchi stain 
x 280. 


Fic. 6.—Sciatic nerve, diet contained cabbage. Marchi stain X 280. 


Photomicrographs illustrating intramedullary 8th nerve, optic and sciatic nerves in 
rabbits, with and without carotene and vitamin A. 


To illustrate paper by Edward Mellanby. 


PLATE VI. 


i 7 m g2. A SN 








AA 
X 
1 
a 
s 
Fic. 1. ric. 2 
— 
P J 
/ 4 t 5 
J 
ria. 8. Kia, 4. 
e 
Fia. 5. FIG. 6. 


Fic. 1.—Ventral root, diet deficient in carotene and vitamin A. Normal. Marchi 
stain X 280. 


Fic. 2. —Ventral root, diet contained cabbage and carrot. Normal. Marchi stain 
x 280. : 
F1G. 3.—Dorsal root, diet deficient in carotene and vitamin A. Annular degenera 


tion. Marchi stain x 280. 

Fic. 4.—Dorsal root, diet contained cabbage and carrot. Normal. Marchi stain 

280., 

Fic. 5.— Dorsal root, diet deficient in carotene and vitamin A. Osmice method 
described by Cajal. X 420. 

Fic. 6.—Dorsal root, diet contained vitamin A oil. Normal, Osmic method 
described by Cajal. 420, 


Photomicrographs illustrating ventral and dorsal roots of rabbits with and without 
carotene and vitamin A. 


To illustrate paper bu Edward Mellanby. 


PLATE VII. 





eee a i R bak 
FIG. 6. Pia. 7. 
Fic. 1.—{a) Dorsal root ganglia x 750, large cell showing large granules around 


outer edge and rest of cell clear. (b) Dorsal root ganglia X 750, large cell showing 
concentration of granules around nucleus. 
FIG. 2.—Dorsal root ganglia X 750, large cell showing large granules around outer 
edge, medium granules throughout. 
Fic. 3.—Dorsal root ganglia X 750, large cell. Normal. 
FIG. 4.—Dorsal root ganglia X 7 
tion of granules around outer edge. 
ric. 5.—Dorsal root ganglia x 


50, large cell with eccentric nucleus and concentra- 


750, corroded cell of Cajal, 
FIG. 6.—Dorsal root ganglia x 750, small cells showing eccentric nuclei. 
Fic. 7.—Dorsal root ganglia x 750, small cells. Normal. 


Photomicrographs illustrating dorsal root ganglia in rabbits with (figs. 3 and 7) and 
without carotene and vitamin A (figs. 1, 2, 4. 5 and 6), 


To illustrate paper by Edward Mellanby. 
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FIG. 7. FIG, 8. s 


Fic. 1.— Clarke's column cells x 750, diet deficient in carotene and vitamin A. 
Eecentric nuclei, loss of granules and neuronophagia. 

Frc. 2.—Clarke’s column cells x 750, diet contained cabbage. Probably normal. 

Fic. 3.—Ventral horn cells x 420. diet deficient in carotene and vitamin A. 
Clumping of granules. 

Fic. 4.— Ventral horn cells x 420, diet contained yellow maize. Normal. 

ric. 5.— Cells of lateral reticular nucleus X 750, diet deficient in carotene and 
vitamin A. Loss of granules. Neuronophagia. 

ric. 6.—Cells of lateral reticular nucleus X 750, diet contained carotene. Prob- 
ably normal. 

FIG. 7.—Cells of mesial vestibular nucleus X 750, diet deficient in carotene and 
vitamin A. Loss of granules. Neuronophagia. 

Fig, 8.—Cells of mesial vestibular nucleus x 750, diet contained yellow maize. 
Normal, 


Photomicrographs illustrating cells in the central nervous system of rabbits with and 
without carotene and vitamin A. 


To illustrate paper by Edward Mellanby,. 


PLATE IX. 
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Fic. 1.—Cells of oculomotor nucleus X 750, diet deficient in carotene and 
vitamin A. Chromolysis and eccentric nuclei. 

Fig. 2.—Cell of oculomotor nucleus X 750, diet contained carrot. Probably normal. 

Fia. 8.—Cells of red nucleus X 420, diet deficient in carotene and vitamin A. 
Clumping of granules, 

Fic. 4.—Cells of red nucleus X 420, diet contained vitamin A oil. Normal. 

Fic. 5.—Purkinje cells X 750, diet deficient in carotene and vitamin A. Indefinite 
granules, loss of demilune and nucleus. 

Fic. 6.—Purkinje cells x 750, diet contained cabbage. Normal. 

Fic. 7.—Cell of medial accessory olivary nucleus X 750, diet deficient in carotene 
and vitamin A. Chromolysis and eccentric nuclei. 

Fic. 8.—Cell of medial accessory olivary nucleus X 750, diet contained pure 
carotene. Normal. 


Fic. T. FIG. 8. 


Photomicrographs illustrating cells of the mid-brain and cerebellum of rabbits with 
and without carotene and vitamin A, 


To illustrate paper by Edward Mellanby. 
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peripheral systems of animals regpiving the canoteneedeficient diet 
described. The groups of nerve-cells examined include those of the 
dorsal root and the Gasserian ganglia of the peripheral system, and the 
cells of Clarke’s column, the kinje cells, those of the vestibular 
nucleus and many others in the dentral nervous system. In this casé 
also, especially in the spinal cord, ıt is the afferent side which suffers 
most. In the mid-brain, however, the red nucleus and the dentate 
nucleus, and sometimes the 3rd nucleus, occasionally show Some 
abnormalities. | 

I wish to express my indebtedness to my technical assistant, 
Mr. R. C. Stewart, for the great help he has given in this investiga- 
tion, especially by improving histological methods so as to allow a large 
mass of material to be examined. The expenses of the work were paid 
by the Medical Research Council, to whom my thanks are due. 
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THE EFFECTS OF oe | OF THE DORSAL SPINO- 
CHREBELLARK TRACT AND CORPUS RESTIFORME IN 
THE MACACUS RHESUS MONKEY. 


BY A. FERRARO, M.D., AND 8. E. BARRERA, M.D. 


From the Department of Neuropathology, New York State Psychiatric Institute and 
Hospital, New York. 


I.—INTRODUCTION. 


STUDIES in comparative anatomy, physiology and clinical pathology 
have all indicated that the cerebellum as a whole tends to exert some 
influence which is necessary for proper co-ordination in movement. 
We are still at a loss for an explanation of the exact mechanisms 
involved. In its adult mammalian form the cerebellum is @ very 
complex structure, including numerous afferent pathways by which 
influences of various types are brought to the centrally organized co- 
ordinated mechanisms in the cerebellum, and efferent pathways over 
which cerebellar influences are transmitted to reach ultimately the 
body musculature. For a systematic understanding of the functional 
organization of the cerebellum it is necessary to know not only the 
anatomical relationships which lay down the possibilities of physiological 
responses, but also the functional significance of each of the various 
afferent and efferent components entering into the cerebellar mechanism. 

Experimental physiology has taught us a great deal concerning 
eerebellar function and would yield still more valuable information if 
experimental lesions were followed both by careful physiological obser- 
vations and by careful anatomical control. The lesions should be small 
enough to be confined to one component, or to one combination of 
components, so that their effects might be systematically studied. 
Experiments on higher animals, as the monkey or higher primates, 
would be advisable. This has not been done except in a few cases. 
The brain of the monkey offers a cerebellum comparable to that of man, 
and as in this animal there are more complex types of motility of the 
limbs than most lower forms it is most suitable for investigations of 
cerebellar dysfunction. 

Our aim has been to study systematically the effects of carefully 
controlled lesions of each of the components of the cerebellum, and it 
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has seemed that the point of deparjure would be the obfervation of the 
effects of depriving the cerebellum of its various afferent components. 
We have therefore taken the inferior cerebellar peduncle as a starting 
point, since it contains afferent dpmponents from both the spinal cord 
and the medulla. This paper wil? deal with the effects of lesions of the 
dorsal spino-cerebellar tract in the upper cord, and of the restiform body 
at various levels in the medulla oblongata where it contains in addition 
components from the dorsal column nuclei, from the olives and from the 
nucleus lateralis medulls. 


IL.—Revirw or LITERATURE. 


Nowhere has the literature on the function of one structure been 
more complicated and contradictory than thaé on the inferior cerebellar 
peduncle. This would seem to be due to the complexity of the peduncle, 
especially at its high levels, and therefore to variability in effects 
according to the levél of section and to the close proximity of vestibular 
centres. Poor anatomical controls, especially with regard to vestibular 
complications, have been responsible for much of the controversy on 
this problem. We have found that the symptoms of section of the 
restiform body, without involvement of neighbouring vestibular struc- 
tures, differed considerably from' those of lesions which also encroached 
upon the latter. This has convinced us of the necessity for careful 
microscopical control of all experimental lesions, especially when the 
functions of small groups of cells or fibres such as are found in the 
inferior cerebellar peduncle are studied. 

The inferior cerebellar peduncle is usually considered as containing 
spino-cerebellar, dorsal-column-nuclear-cerebellar, olivo-cerebellar, lateral 
nucleus-cerebellar, and cranio-nuclear-cerebellar components. The | 
exact position of each of these in different animals is very complicated. 
The spino-cerebellar tracts are considered as the main pathway to the 
cerebellum from the cord, and in our first investigation we have studied 
the effects of lesions of the dorsal spino-cerebellar tract in ethe upper 
cervical region. Section of these fibres within the restiform body has 
thrown considerable light on the result of the associated injury of other 
components of the peduncle. 

Comparative anatomy.—According to Kappers [1], the spino-cere- 
bellar tract in Plagiostomes is partly crossed, but is in the main an 
uncrossed system. It consists of two parts, a smaller corresponding to 
the ventral spino-cerebellar tract, and a much larger dorsal tract which 
joins the olivary fibres and passes to the cerebellum. The fibres end 
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directly in the gorpus cerebelli. In the Teleosts there are likewise two 
systems, but the division oetween the dorsal and ventral portions is 
sharper. The dorsal spino-cerebellar tract, according to Herrick [2], is 
best developed in those forms in en there is a great development of 
cervical sensibility, as in the Triglideg and Lophius. It can be followed 
as a distinct bundle into the cerebellum with the olivo-cerebellar fibres. 
In the amphibia the dorsal tract ıs the smaller of the two spino- 
cerebellar tracts, and most of its fibres end uncrossed in the cerebellum. 
In reptiles Kappers found essentially the same condition. In birds the 
two divisions of the spino-cerebellar system are again prominent. 
Accompanied by the olivo-cerebellar fibres, the dorsal spino-cerebellar 
tract enters the posterior ragion of the cerebellum, in which, according 
to Shimazono [8] and Friedlander [4], it ends predominantly in the 
dorso-lateral portion of the cortex. Some of its fibres are supposed to 
sirround and even to end in the medial cerebellar nucleus. 

There has been considerable controversy concerning the importance 
of the spino-cerebellar system in higher forms, but the consensus of 
opinion [5 to 46] seems to ke that the dorsal spino-cerebellar tract arises 
chiefly from the cells of Clarke’s column, that it is essentially related to 
the trunk and hind-limbs, that it is mainly uncrossed, and that it 
terminates principally in the vermis of the cerebellum. ‘To the varia- 
tions in different animal species may be due some of the differences of 
opinion regarding the origin, course and termination of the dorsal 
spino-cerebellar tract. Few authors have worked with higher forms 
such as the monkey, but Tooth, Mott, Grinbaum and MacNalty and 
Horsley all investigated the spino-cerebellar tracts ın this animal. 
Other authors, including Lowenthal, Auerbach, Kohnstamm, Marburg, 
van Gehuchten, Bing, Ma:Nalty and Horsley, and Ingvar used dogs. 
Gats as experimental animals were used by Auerbach, Pellizzi, Patrick, 
Lewandowsky, MacNalty and Horsley, Ingvar, Beck and Pass. 

An interesting observazion on the dorsal spino-cerebellar tract was 
made by Sherrington and Laslett, who by their method of “ successive 
degenerations ” showed that the tract was stratified, the outermost or 
more peripheral fibres coming from the lowest segments of the cord. 
They regarded this as an example of the law that the longer the fibres 
the further they lie from thegrey matter, as they are displaced peripherally 
by the accession of subsequently entering fibres. 

We cannot consider now all of the anatomical evidence for the 
participation of the various structures which are usually assumed to 
send fibres into the inferior cerebellar peduncle. Some of the authors 
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divide this structure into an inner and outer portior. TIte inner portion 
contains the fibres connecting the vestibular nuclei and the nuclei of the 
cerebellar roof. This forms the so-called I.A.K. bundle of Meynert 
(innere Abteilung des Kleinhirn\tiel), and is essentially a vestibulo- 
cerebello-vestibular pathway. The outer portion of the peduncle 
contains the cerebellar projection of the restiform body after it has 
passed the level of the eighth nerve and turned upward into the cere- 
bellum. Failure to distinguish accurately between lesions of these two. 
portions of the inferior peduncle has undoubtedly led to much confusion, 
especially among the earlier authors. 

The physiological observations on lesions of the restiform body and 
spino-cerebellar tract have, except by two or three authors, been poorly 
controlled histologically. The earlier authors spoke mainly of the 
“cerebellar peduncle” and did not confine their observations to the 
result of section of only the inferior cerebellar peduncle or the restiform 
body. In fact, they did not even differentiate the many components of 
the large mass of fibres connecting the medulla and pons with the 
cerebellum, and spoke of the whole mass of what we now know as the 
superior, middle and inferior peduncles as a single large peduncle. 

Serres [47] and Magendie [48] were apparently the first to experi- 
ment on the cerebellar peduncles. In unilateral lesions they found that 
the most constant symptom was torsion movements of the animals 
around the longitudinal axis to the side of the injured peduncle. The 
lesions apparently involved all three peduncles. Other authors, as 
Longet [49], Lafargue [50], and Lussana [51], always found torsion 
movements toward the side opposite to that of the lesion. Claude- 
Bernard [52] observed torsion movements toward the side of the injured 
peduncle when the lesions were caudal to the exit of the fifth nerye. 
On the other hand, section of the peduncle anterior to the fifth nerve 
was accompanied by torsion movements towards the opposite side. 

Ferrier [53] and Hitzig [54] confirmed in general the findings of 
Serres and Magendie. Ferrier explained the contradictoryereports of 
previous authors as due to a simple misunderstanding and dependent 
on whether one looked at the animal from in front or from behind. 
However, even after Ferrier’s explanation, authors differed widely in 
their descriptions. 

Ferrier and Turner (1894) [55] described in detail the symptoms 
of section of the various cerebellar peduncles in monkeys. In animals 
in which the left inferior peduncle was cut there was a curving of the 
vertebral axis to the left, with flexion of the left limbs and extension of 
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the right. Every attempt at movement produced rolling movements 
from the right to the left, and the animal held on tightly to any means 
of support. Slightly later they observed tilting of the chin to the right. 
The falling and rolling movements persisted until the ninth day, and 
nystagmoid movements were observed.’ Histological examination revealed 
that the nucleus cuneatus was involved to some extent and that the 
restiform body was destroyed just before it bends into the cerebellum. 
The authors described a characteristeric attitude after section of the 
inferior peduncle, consisting of curvature of the vertebral axis with its 
convexity towards the side of the lesion, adduction and flexion on 
the side of the lesion, and abduction and extension of the opposite 
limbs, In the majority of the cases the chin deviated to the opposite 
side. 

_ Biedl, in 1894 [56], reported one case of section of the restiform 
body inacat. He found a typical group of symptoms including rolling 
movements and disorders of motility in the extremities of the operated 
side, disturbance of co-ordination in the legs and head, and rolling 
movements toward the opposite side whenever the animal made any 
effort to move. The author did not present an anatomical description 
of this lesion, except to say that the descending trigeminal root was 
involved. 

Mott, in his extensive studies of the afferent tracts in the monkey, 
gave no description of the behaviour of his animals. ! 

So far as sharply circumscribed lesions of components of the inferior 
cerebellar peduncle were concerned the first, werk was done by Marburg 
and Bing. Marburg (1904) divided the dorsal spino-cerebellar tract 
in dogs, usually on one side at or above the second cervical segment. 
Two days after the operatica the head movements were normal. The 
ipsilateral fore-limbs were turned outwards, the hind-limbs were in 
maximal abduction. The pelvis was rotated to the operated side and 
the vertebral axis was usually concave towards this side. All of these 
symptoms,except abduction of the hind-limb, were inconstant. The 
animal usually supported itself on the healthy side. The posterior limbs 
were usually more closely approximated to the anterior limbs than in a 
normal animal. There was no deviation toward the healthy side on 
walking. The animal showed marked uncertainty on climbing stairs. 
While sitting still very little abnormal was noted except that some 
animals occasionally rested with the dorsum of the foot downward, 
suggesting & loss of sensory reflexes. The animals reacted normally to 
pin-prick. There was no change in muscle tone or in the tendon 
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reflexes. The animals recovered quickly, and after two weeks it was 
difficult to tell the side of the operation, though a slight abduction of 
the ipsilateral hind-leg usually persisted. 

After bilateral section the dog usually showed definitely postural 
defects with outward rotation of. the feet, maximal adduction of the 
fore-limbs and abduction of the hind-limbs. The fore-limbs were often 
crossed. The involvement was much more marked in the hind-limbs. 
There was marked lateral swaying resembling that of a drunken 
animal. The disability was greater in complicated actions as climbing 
stairs. The animal was unable to raise its leg upward while its fore- 
paw rested on the upper step. There was always some unilateral 
‘paresis’ shown by abnormal postures of the feet which the animal 
did not correct; this condition was only present in the “ paretic’’ limb, 
and if always ran parallel to the paresis. Sensation and the tendon 
reflexes were normal. In all these dogs there was degeneration nòt 
only of the dorsal spino-cerebellar tract but also of the descending 
pyramidal tract. It is therefore difficult to evaluate the rôle played by 
this pyramidal deficiency. 

Bing (1906) published an extensive monograph on the significance 
of the spino-cerebellar system and reported the findings associated with 
lesions of it. He attributed most of the disability to special forms of 
disturbance of regulation of the muscles and to æ diminution of muscle 
tonus. To these were due the abnormal postures and movements which 
were greater in the pelvis and shoulder-girdle musculature. Thus the 
so-called “ principal movements ” of Munk, which are supposed to be 
related to subcortical activity, were chiefly affected. Bending of the 
trunk to one side would appear to be due to this type of disturbance. 
Bing also attributed inability to turn toward one side to loss of general 
basic movements. He noted that the disturbance in the principal 
movements was more marked in the posterior extremities-than in the 
anterior. The hypotonia was more pronounced in the muscles of the 
pelvis and shoulder girdles. In the acute stage: the ipsilateral limbs 
were abducted and were used only very slightly for support, the weight 
being shifted on to the normal side. ‘There was no stumbling or. falling. 
There was also a failure to correct abnormal postures of the limbs. The 
pelvis was rotated towards the operated side; the vertebral column was 
normal, The animals appeared normal in-sitting and lying postures, 
The limbs were more adducted in walking, and at times were even 
crossed. The hind-leg of the operated side was often placed too far 
forward. The involved limbs showed slight shakiness and ataxia. 
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There was usually ng deviation to one side on walking, but occasionally 
the animals walked in circles toward the healthy side and presented a 
considerable difficulty in turning towards the operated side. There was 
no spontaneous dorsi-placing of the feet. The ataxia was more marked 
when the animal was blindfolded and in jumping the animal often fell 
toward the operated side. Tarsal and carpal fone was essentially 
normal. Sensation and tha deep reflexes were undisturbed likewise. 
Improvement proceeded rapidly, and by the fourth day the abduction was 
considerably less, muscle tone was approximately normal, and the animal 
rarely fell. 

After four weeks the only difficulty was in turning towards the 
operated side in search of food. As the author ‘Illustrates his anatomical 
descriptions only by schematic drawings it is difficult to make out the 
exact extent of the lesions. 

` Bing disagreed with some of Marburg’s findings particularly as 
pyramidal lesions had complicated the latter’s observations. According 
to Bing the symptoms were due to involvement of reflex paths resulting 
in a deficiency of afferent stimuli to the cerebellum, for only afferent 
pathways were cut in his experiments. The symptoms resembled in 
part those due to sections of the dorsal roots, and he referred to the 
similarity of the pseudo-paraplegic state of Munk and Bichel, in which 
animals subjected to centripetal lesions showed ataxic postures. Bing 
believed that the dorsal spino-cerebellar tract has a bilateral origin. He 
could not determine exactly the reflex pathway involved, but suggested 
it was possibly “peripheral sensory neuron to dorsal spino-cerebellar 
tract, to vermis, to the tractus cerebello-tegmentalis, to the red nucleus, 
to the rubrospinal tract, to the peripheral moter neuron.” He referred 
to the remarkable constancy of this neuron chain in the animal series; 
it has been described even in the Selachians. 

Bing found no disturbance of cutaneous sensation but considered it 
possible that the spino-cerebellar tract subserves deep sensibility, and 
that lesions of this system may therefore disturb muscle tone. Compen- 
sation occurs through the cortical, subcortical and spinal pathways. 
That the fore-limbs were less involved than the hind-limbs in cervical 
lesions, he considered possibly due to the greater participation of the 
psychomotor cortex in movements of the arms or fore-limbs. ‘The more 
severe affection of the hind-limbs may be explained by the distribution 
of Clarke’s column which extends from the lower portion of the cord to 
the upper dorsal segments. 

Bing and Marburg are the only authors who have described at 
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length isolated lesions of the spino-cerebellar or restifornf body systems, 
but brief descriptions have been given by other authors. For instance, 
Bruce and Schafer (1910), in studying spinal degeneration in monkeys, 
mentioned that no permanent symptoms followed lesions of the dorsal 
spino-cerebellar tract in the upper part of the cord, and that the animal 
showed very little abnormality in the acute stage. 

Bechterew (1908) [57] has also referred to the effects of lesions of 
the inferior cerebellar peduncles. In dogs he made lesions either below 
or above the entrance of the eighth nerve. In the animal in which the 
left inferior peduncle was cut caudal to the entrance of the eighth nerve 
the head and trunk were rotated around the long axis of the body 
toward the side of the lesion, with concomitant deviation of the eyes in 
a diagonal direction and nystagmus. The animal assumed a forced 
_ posture lying on its left side, with the ipsilateral limbs fiexed and the 
contralateral extended. In the animal in which the peduncle was cut 
above the point of entrance of the eighth nerve, there was also turning 
of the head and trunk toward the operated side with marked deviation 
of the eyes and nystagmus. The torsion movements around the long 
axis persisted. The animal always lay on the ipsilateral side with the 
contralateral limbs extended. Bechterew believed that the effects of 
the lesions were the same whether the peduncle was cut above or below 
the entrance of the eighth nerve. He considered that the involvement 
of the centripetal paths from the spinal cord and the labyrinths to the 
cerebellum by way of the inferior peduncle was chiefly responsible for 
the torsion movements around the long axis of the body. 

From this summary of the literature it may be seen that little has 
been done, especially in higher animals such as the monkey, to correlate 
controlled anatomical lesions and behaviour of the animal. Most of 
the investigations on the anatomy of the spino-cerebellar tracts or 
the various peduncles included practically nothing on the behaviour 
of the animals, while in most publications in which the symptoms 
are carefully described the anatomical descriptions are poor. And apart 
from the work of Mott, Bruce, Ferrier and Turner, there are no 
observations on monkeys. We therefore felt that there is still an 
opportunity for systematic investigation to be carried out on carefully 
controlled experimental lines. We adopted the plan of producing 
lesions limited as far as possible to each of the components of the 
‘inferior cerebellar peduncle. Each experiment has been carefully con- 
trolled by anatomical serial sections. 
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*  FII.—PERSONAL OBSERVATIONS. 

Lapervmental technique.—The operations were all performed on 
Macacus rhesus monkeys. Lesions were made at three levels. In the 
first the dorsal spino-cerebellar tract was divided in the upper cervical 
region, usually at about C-4 or C-3. The second level was above the 
caudal origin of the restiform body at about the lower or middle level of 
the sucleus cuneatus. The third level was higher in the restiform body, 
just caudal to the entrance of the eighth nerve. 

The spinal lesions were made in a very simple manner. After 
laminectomy the dura was opened and a dorsal root was mobilized just 
below its point of entrance. A small superficial lesion was made just 
lateral to the line of separation of the dorsal columns and lateral columns. 
Usually this could be accomplished with little bleeding. Most of the 
Tesions were made with a small sharp scalpel or a Darling capsulotomy 
knife, but in a few cases a small curved cautery was used. The dura 
was usually not sutured so as to avoid any pressure. Occasionally one 
dorsal root was cut in order to expose the dorsal spino-cerebellar tract 
more clearly. To produce lesions in the restiform body æ suboccipital 
approach was made tothecerebellam. After the bone had been removed 
up to the transverse sinuses the dura was opened exposing the postero- 
inferior surface of the cerebellum. ‘The vermis and medial portion of 
the lateral lobe were retracted upwards and it was then possible to see 
clearly the vestibular eminence, the medulla lateral to this, and the 
eighth nerve curling around the upper lateral surface of the medulla. 
The lesions were produced by small sharp hooks. The usual sub- 
occipital closure was performed without suturing the dura. In all cases 
the animals usually made remarkably rapid recoveries from the ether 
anesthesia. One hour after operation they were usually moving around 
in the cage and attempting to eat. Careful cbservations of the general 
behaviour and of the neurological disturbances were made on all animals 
three hours and twenty-four hours after the operation, and at the latter 
period moving pictures were taken, The animals were then observed 
carefully until the time of sacrifice. 

Serial sections were made of all brains. They were studied by 
Nissl’s cell stain, the Weigert myelin-sheath stain, and the Marchi 
method. 

In all twenty-two animals were operated on for this series of obser- 
vations. We shall present here a typical protocol from each of the 
characteristic lesions at different levels. 
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August 1, 1933. Operation: Section of left dorsal spino-cerebellar tract ae 
the fourth cervical seyment.—A small superficial lesion was made at the level 
of entry of the left fourth cervical root. Before making the lesion in the cord 
the fourth left dorsal root was cut in order to be able to expose clearly the 
lateral surface of the cord. There was no bleeding or visible swelling of the cord. 

Three hours after operation.— While coming out of the anæsthesia, the- 
animal has shown no asymmetry of posture. When recovered from the anme — 
-thesia the most marked symptoms are an apparent left-sided weakness as 300 eae 
_ with ataxia and falling toward the left. There are slight hypotonia and diminu fee a8 
_ tion of the reflexes on the left. The right side appears normal. The grip of. ee 
the left limbs is strong, contrasting sharply with its absence in lesions of the 
dorsal columns at the same level. There is a left-sided diminution in the 
-placing and hopping reflexes. The ataxia, falling and weakness manifest them- 
selves especially when the animal tries to walk, climb or reach for food. In 
sitting still there may be at times an increased abduction in the left hind-limh,’ 
but no abnormality of posture in the left fore-limb. In walking the left limbs 
show a dysmetria with occasional excessive lifting or falling and unsteadiness, 
without, however, any definite dragging of the limbs such as occurs. when the 
pyramidal tract is involved. The animal falls occasionally to the left. When 
climbing the animal uses both sides of the body fairly well, but the left limbs 
show a slight lack of steadiness. All the fingers are employed and the grip is 
firm and secure. The left deep reflexes are diminished as compared with the 
right. The muscle tone on the left, as tested by resistance to passive move- 
ments, is also reduced. The responses to touch, pin-prick, deep pressure and 
change in position of the limbs seem normal on both sides of the body. There 
is no evidence of involvement of any of the cranial nerves. The deficiencies 
at this time were definitely much less disabling than those due to lesions of 
thedorsal columns. The disability manifests itself chiefly as a sort of dysmetria. 
This is shown by the occasional missing of an object for which the animal 
reaches. There is, however, no intention tremor. — 

















September 1, 1933: Twenty-four hours after operation.—The general con- 
dition of ‘the animal is excellent. There is little abnormal except slight weak- 
ness, hypotonia, inco-ordination of movement and diminution of the reflexes in 
the left limbs, but even these symptoms do not appear to be as marked as they 
were. The animal no longer falls towards the left, except occasionally when 
it jumps or runs very fast, then it may stumble slightly towards the left. The 
symptoms are as marked in the fore-limbs as in the hind-limbs. Vestibular 
testing reveals normal responses on both sides. The labyrinthine reflexes are 
undisturbed. The placing and hopping reflexes on the left have recovered tO 
some extent. ere 

September 11, 1983: Eleven days after operation—At this stage it wont a 
be difficult to distinguish the animal from a normal monkey, but there are 
still slight disabilities on the left, such as a tendency to abduction of the left 
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limbs and a sliZht latk of elasticity in them on landing from a jump. The 
deep reflexes are also slightly less active on the left. The animal no longer 
falls to one side and the sensory responses appear normal. The grip is strong 
and there is no longer any dysmetria. 

The animal was killed on this day for study of its nervous system by 
Marchi's method. The lesion lay directly in front of the fourth dorsal cervical 
root which had been divided in the operation. 


i Anatomical Study. 

Microscopically the lesion appeared to be confined to the region of the left 
dorsal spino-cerebellar tract at the level of the fourth cervical segment. The 
left fourth cervical dorsal root had been cut and its degeneration could be 
clearly followed into the dorsal columns and upward to the nucleus cuneatus 
and the nucleus of Clarke-Monakow (nucleus cuneatus externus). Sections of 
the cord below the lesion revealed no degeneration in the left pyramidal tract. 
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Fic. 1,—Section of the cervical spinal cord at the level of the maximum extent of the 
lesion, showing the slight paling in the region of the pyramidal tract, which, however, has 
not produced descending degeneration. The incoming degenerated fourth cervical root, 
which was eut in the operation, can be clearly seen. Marchi preparation. 


Fig. 1 shows a section of the cord at the level of the lesion which 
is confined to the region of the dorsal spino-cerebellar tract, but there is 
slight rarefaction in the region of the pyramidal tract. The degenerating 
fourth cervical root can be seen entering the dorsal column area. 

Fig. 2 shows the degenerating fibres just before they pass around the 
tubercle of Rolando to enter the restiform body. The degenerating fibres 
from the sectioned fourth cervical root can be seen in the funiculus cuneatus. 
At higher levels the degeneration can be easily followed in the restiform body, 
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in which the fibres take up a lateral but fairly diffuse position, én perhaps the 
lateral two-thirds of the restiform body. The medial third is oceupied by the 
entering olivary and dorsal column nuclear fibres, particularly fibres from the 
nucleus cuneatus externus (Clarke-Monakow). The degeneration can be 
followed cephalad well up into the lateral portion of the inferior cerebellar 
peduncle and into the vermis. The exact términation of the tract has not 
been determined. 





Fic. 2.—Section of the lower medulla at the level of the pyramidal decussation, showing 
the large group of degenerated fibres of the left dorso-spinocerebellar tract just before they 
pass around the tubercle of Rolando to form the restiform body. The degenerated fibres of 
the cervical root in the dorsal columns can be seen on their way to the nucleus of Burdach 
and the nucleus of Clarke-Monakew. Marchi preparation. 


Protocol No. 2, Cer. 23. 


July 14, 1932. Operation: Lesion of the right restiform body.—The 
floor of the fourth ventricle was exposed by upward retraction of the vermis. 
At a point where the restiform body runs laterally and at a level of about 
the middle third of the nucleus cuneatus an incision was made through the 
restiform body by a fine hook. At the end of the operation the animal was in 
fine condition. No spontaneous nystagmus was observed. 

Three hours after operation.—With the animal well out of anesthesia the 
principal manifestation is a weakness in the right limbs and a tendency to fall 
towards the right side. When the animal attempts to walk its right limbs 
either slip away on the floor, or crumble and the animal falls towards the 
right. No involvement of the cranial nerves is observed. The pupils are 
equal and react well to light. The extra-ocular movements appear normal. 
The sensory fifth and the biting muscles appear unaffected. There is no facial 
paralysis and the animal apparently hears well in both ears. No abnormality 
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is noticeable im the’ — of the head. The chief Sron is. an apparent — 
weakness of the right limbs. The tone of the right limbs is much diminished k 


as compared with the normal left limbs. The grip of the limbs is; however, 
good. The left side of the body appears absolutely normal. When the animal 

js suspended by the tail with the head downward and the eyes open a normal 
symmetrical dorsiflexed position of the head is observed. The right limbs are 
slightly more flexed than the left, which are in the normal semi-flexed position. 
When the animal is held in the right or left lateral positions with eyes open, 
positions of the head are normal. The falling reaction is normal. The animal 
jumps in a straight line, but it lands very heavily on the right side. There 
are occasionally fine jerky tremors in the right limbs and some evidence of 
dysmetria in the right fore-limb, for when the animal reaches for a peanut it 
is apt to miss and fall short of the object at first, but it gradually creeps up 
so as to grasp it. The deep reflexes on the right side appear slightly dimin- 
ished. Sensory examinations show no gross disturbance. In this acute stage 

„tho symptoms are similar in type but more definite than those due to a lesion 
of one dorsal spino-cerebellar tract. 

Judy 15,1932: Twenty-four hours after operation.—The general condition of 
the animalis essentially the same as at the three-hours’ stage, but it no longer 
falls toward the right side. This now occurs only when the animal attempts 
to run fast or make a sudden turn, when there may be slight slipping out or ~ 
giving way of the right limbs. Otherwise the animal gets about fairly well. 
A slight fine tremor and some dysmetria are still present in the right limbs. 
The grasp is well maintained. Rotation and caloric tests give normal nys- 
tagmus responses in both directions and on both sides. The postural, falling, 
and righting reflexes are normal. 

July 16,1932: Forty-eight hours after operation.—The general condition 
of the animal is unchanged, and it seems to be improving rapidly. It runs 
pretty well with a slight tendency to ataxia and some hypotonia of the 
right limbs ; when it jumps there is a tendency to land rather more heavily on 
the right side, and occasionally these limbs slip out. No rotation of the head. 

* July 21, 1932: One week after operation.—The animal now runs pretty 
well. Save for slight weakness, a tendency to abduction of the right fore-limb, 
weakness or lack of spring as manifested by heavy landing in jumping and 
occasionally stumbling when it runs fast, little can be seen which is definitely 
pathological on either side. There is no evidence of any definite paresis. The 
reflexes and tone of the right limbs now appear to be normal. Rotation and 
caloric stimulation give normal responses on both sides. The postural, falling 
and righting reflexes again give normal responses. 

July 28, 1982: Two weeks after operation.—-Condition essentially the same 
as at the one-week stage. 

August 14, 19382: One month after operation.—The general condition is 
excellent. There are practically no abnormalities except, perhaps, slight 
weakness of the right side which is seen only when the animal jumps from a 
high place. There isa slight tendency when the animal jumps to fling the 
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right limbs slightly higher than the left and to stumble, very slightly when it 
lands, but even this is not definite. 

September 14, 1932: Two months after operation.—The condition is essen- 
tially the same as at the one-month stage. 

October 14, 1932 : Three months after operation.—The general condition of 
the animal is excellent. It now jumps asa normal animal. Little can be seen 
that might be definitely interpreted as abnormal. 


Anatomical Study. . 


The lesion is confined to the right side and is at the level of the junction of 
the lower and middle thirds of the right nucleus cuneatus. It involves the 
brain-stem near the dorsolateral border of the nucleus cuneatus, and passes 
downward and laterally to just below the inferior border of the restiform body. 
Fig. 3 shows the lesion at its greatest extent. 
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Fig, 3.— Section of the medulla at the level of the maximum extent of the lesion of the 
right restiform body, showing the direct involvement of the restiform body on the right. The 
nuclei of Goll and Burdach are not involved to any great extent in the lesion. The few 
peripheral fibres which are apparently spared at this level, are included in the lesion a section 
or two higher. Weigert preparation. 


The structures involved are the most dorsolateral tip of the nucleus 
cuneatus, the restiform body, the descending root of the fifth nerve and part 
of the nucleus of its descending root. Below the lesion in the first or second 
cervical segments a degeneration is clearly seen in the right descending root of 
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the trigeminus. At the level of the lesion, where the internal arcuate fibres 
are being formed, there is a slight diminution in these fibres on the right side 
as compared with the normal left side. The right nucleus cuneatus externus 
(Clarke-Monakow) is involved in the lesion. At higher levels there is a 
marked degeneration in the right corpus restiforme, especially in its lateral 
two-thirds (fig. 4). Still higher the medial border of the corpus restiforme 
retains a considerable number of relatively normal fibres; these come from 
the olive. At the level of the trapezoid decussation there is slight paling of 
the Middle portion of the left lemniscus, due undoubtedly to involvement of a 
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Fig. 4.—Section of the medulla at a higher level than that of fig. 3, at the zone of 
entrance of the eighth nerve, The restiform body on the right is seen to be degenerated and 
the incoming olivary fibres are seen to be adding themselves to the restiform body on the medial 

t. There is no evidence of degeneration involving the I.A.K. bundle. Weigert prepara- 
tion C.R, ¢= corpus restiforme, 


few of the fibres from the right nucleus of Burdach. The degeneration in the 
restiform body can be followed upwards to the vermis. The lesion therefore 
involved all the fibres of the spino-cerebellar tract, a majority of the fibres 
from the ipsilateral nucleus of Clarke-Monakow (external cuneate nucleus) and 
probably some, if not most, of the fibres from the ipsilateral nucleus lateralis 
medulle. The extent of the lesion accounts for the greater severity of the 
clinical manifestations in this case as compared with those of the previous case 
in which the fibres of the dorsal spino-cerebellar tract only were involved. 






LESIONS OF THE DORSAL SPINO-CEREBELLAR T 


Protocol No. 8, Cer, 142. A e 


Operation, January 2, 1934: Section of the right restiform body just l 
its passage under the eighth nerve.—The cerebellum was retracted and a : 
superficial lesion was made in the right restiform body just before it disappeared 
under the eighth nerve. Very little bleeding occurred. 

Three hours a fter operation.— While the animal was coming out of anesthesia 
there was. no asymmetry of posture. Whenever the animal attempted to 
stand, however, it fell to the right side. There has been no. spontageous 


nystagmus. When the animal had fully recovered from the anwsthetic the ere 
“symptoms closely resembled those seen in Protocol No. 2, where the lesion ee 
— the right restiform body was at a lower level. In the present case, however, E 
—— the symptoms appear to be more marked and there is a greater tendency To 
-fall to the right. When it attempts to stand it falls over towards the right, 
perhaps two out of three times. The other disturbances include some ipsilateral 


-< hypotonia, depression of reflexes, ataxia, dysmetria and diminution of the 
placing and hopping reflexes. The animal grasps objects spontaneously in” 
perfectly normal manner, except for the dysmetria. There are no tremors at 
rest, no intention tremor, no spontaneous shaking movements and no spontaneous 
nystagmus. The vestibular reflexes are normal. Sensation, so far as an he 
determined, is also normal. There are no signs such as rolling movements, 
asymmetry or nystagmus to indicate the probability of any vestibular compli- 
cation. When the animal sits it presents abducted postures of the right limbs. 
It uses the right limbs in reaching for food and grasps a stick or the cage 
apparently normally. 

January 3, 1934: Twenty-four hours after operation.—The main symptoms 
are identical with those found at the three-hours’ stage, but the animal does 
not fall so often to the right side. When it jumps it lands heavily on the 
right limbs, which tend to sprawl out. This is slightly more pronounced than 
in animal No. 2. There is no tendency toward rotation of the trunk while itis 
in the alr. When swimming its attitude is symmetrical, and apparently it bhas - 


“normal control over its limbs. Tests reveal no evidence of involvement of the i 


vestibular system, normal responses being obtained from both sides. 7 | 

January 4, 1934: Forty-eight hours after operation.—The condition is 
essentially the same, the main difference is that the animal can jump somewhat 
better and avoid falling more easily. No new symptoms have appeared and 
the stability of the animal seems improved. . 

January 9, 1934: One week after operation.—During the past week the 
; animal has improved considerably. It rarely falls now and only when ibo 
-makes a sudden movement towards the right side. Muscle tone is still 
- somewhat diminished in the right limbs, and the knee-jerk is still depressed on 
this side. There has been no evidence of any vestibular complication, The 


limbs are used well spontaneously, but the animal occasionally misses objects. a 


There has been no asymmetry in posture and no shaking or forced movements 
of any type. It jumps fairly well and manifests some lack of strength and 


springiness In the right limbs only when it lands from a long or high jump. 
BRAIN—VOL. LVIII. 13 
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January 14,°1934%. Twelve days after operation.—During the past three or 
four days the animal has improved considerably. It now runs very well, using 
both sides of the body normally. There is still no evidence of any vestibular 
complication, but the tone of the muscles and the reflexes are diminished on 
the right, and there are indications of lack of strength and of spring on this 
side in jumping. 

It was killed on this date and studied with the Marchi method to determine 
the extent of the lesion. 





Fic. 5.—Section of the medulla at the zone of entrance of the eighth nerve. The marked 
degeneration of the right restiform body can be seen. The I.A.K. bundle shows no 
tion. Marchi preparation. 


. 


Anatomical Study. 


The Marchi preparations are extraordinarily clear. The lesion, which can 
be clearly delineated, includes the right restiform body in its entire extent at a 
level about 1 to 2 mm. caudal to the entrance of the eighth nerve. The lesion 
does not involve the area of the I.A.K. bundle, but is sharply limited to the 
restiform body itself. In sections below the lesion there is no degeneration 
in the descending fifth root. Fig. 5 shows a section of the medulla at the 
entrance of the eighth nerve. Here there is practically complete degeneration 
of the right restiform body. It can be seen that there is no involvement of 
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the eighth nerve or of the I.A.K. bundle. Fig. 6 comes from a higher level 
where the inferior peduncle is bending upwards into the cerebellum. A large 
group of degenerated fibres from the right restiform body can be seen entering 
the vermis. The lesion involves all the fibres from the spino-cerebellar 
tract, those from the ipsilateral nucleus lateralis, those from the ipsilateral 
external cuneate nucleus and a majority of the fibres from the opposite inferior 
olive. 


Fic. 6.—Section of the medulla and cerebellum at a level where the inferior peduncle 
passes dorsally into the cerebellum. The large group of degenerated restiform body fibres 
can be seen passing dorsally to enter the vermis. Marchi preparation. 


Protocol No. 4, Cer. 28. 


July 14, 1932. Operation: Lesion of both inferior cerebellar peduncles.— 
The fourth ventricle was opened with the vermis retracted upwards, the inferior 
peduncles just lateral, to the vestibular eminence were exposed and a lesion 
was made with a small hook on each side. Immediately after the lesion, 
while the animal was still under - the anesthetic, its general condition was good. 
No peculiarities of posture were re observed. pajis g 

Three hours after operation. —The animal is fully recovered from the 
anwsthetic; it tends to hug the wall of the cage closely. It occasionally 

T 
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sways from sid@ to side and jerky movements of the limbs sometimes occur. 
The head is slightly flexed on the chest. When the animal is placed on the 
floor it tends to extend suddenly all four limbs and to fall flat on the floor 
banging its head. This may occur suddenly and spasmodically even in an 
attempt to walk, or the anterior limbs may flex so that the animal suddenly 
falls on its chest and head. There is no spontaneous nystagmus to indicate 
any vestibular lesion. All the labyrinthine reflexes appear normal. The deep 
reflexes are diminished on both sides. 
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Fic. 7.—Section of the medulla at approximately the maximum point of the bilateral 
lesion. The lesions are seen to involve both restiform bodies in their entirety. Weigert 
preparation. 


July 15, 19382: Twenty-four hours after operation.—The symptoms are 
unchanged. The animal is still unsteady, walks with a wide base and may 
fall on its head and chest to the floor. In reaching for food there is definite 
bilateral ataxia or dysmetria, but no intention tremor. In running across the 
top of the cage or on the floor it may be unable to stop and plunges headlong 
into the wall. When the animal is placed on the floor it tends to spring about 
madly and appears to have no control. It cannot jump toward the cage. 
When it tries to jump forwards it may leap straight up in the air and land on 
its back or turn over in all sorts of queer ways, and every once in a while 
there is a tendency towards forced falling with all limbs extended. The deep 
reflexes and muscle tone appear diminished throughout. This inability to 
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control the body in motion appears to be due to a lack ef control of the limbs 
rather than to an inability to orient the body or head in space as is found in 
vestibular animals. When the monkey is held in the air it makes vigorous 
and mainly successful efforts to right itself. It can swim normally under 
water. Vestibular tests reveal no disturbances. 

July 17, 1932: Three days after operation.—The condition of the animal 
remains the same, but now when it is placed on the floor it does not stumble 
so wildly. It prefers to lie flat or to walk about slowly. 
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Fic. 8.—Section of the medulla at the level where the restiform bodies bend upward ingo 
the cerebellum. The degeneration in both restiform bodies can be clearly seen. The ILA.K. 
bundles are seen to be well preserved on both sides. Weigert preparation. 


July 21, 1932: One week after operation.—The condition of the animal is 
excellent. It appears perfectly at home in the cage, although it manifests a 
very marked fear reaction. On the floor it still shows a tendency to fall 
suddenly, and in running there is still undue flexion of the fore-limbs with 
drooping of the chest and head toward the floor. The ataxia and dysmetria 
are still present. The deep reflexes and muscle tone now appear about normal 
throughout. 

July 28, 1932 : Two weeks after operation.—The condition of the animal is 
essentially the same. 

August 3, 1932: Three weeks after operation.—It is in much the same 
state, but it now gets about rapidly on the floor with only slight signs of 
inco-ordination and lack of control. 
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August 14, 4932 :. One month after operation.—There are practically no 
abnormalities except a tendency when jumping to land heavily on the floor 
and perhaps to extend all four limbs slightly more than the normal monkey 
while jumping. The deep reflexes and muscle tone appear normal throughout. 
The functions of the cranial nerves are unaffected. No tremors or abnormal 
movements of any type occur in the limbs and there is no ataxia or dysmetria. 
The falling, position and righting reflexes are normal. Sensory examination 
and the vestibular tests reveal no disturbances. The animal, however, does 
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Fic. 9.—Section of the medulla at a higher level than that of fig. 8, showing the 
fibres from the restiform bodies of both sides radiating dorsally into the vermis. Weigert 
preparation. 





nob seem fo get about very well on the swinging bar and occasionally falls 
from it. Otherwise it seems sure-footed and climbs quickly and well. 

September 14, 1932: Two months after operation.—There is no change; it 
is practically a normal monkey. 


Anatomical Study. 


The lesions involve the restiform bodies near the junctions of the middle 
and upper thirds of the nucleicuneati. Weigert preparations of the brain-stem 
in serial section reveal that the right-sided lesion is slightly higher; it extends 
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from the angle between the upper outer part of the npclei euneati and the 
restiform body and passes downward and laterally to destroy the restiform 
body. Fig 7. shows the lesions in their greatest extent. On the left a small 
part of the inferior portion of the restiform body had apparently escaped, but 
above the lesion the degeneration appears complete. The uppermost and 
outer portions of the nuclei cuneati are undoubtedly slightly involved in the 
cicatrix- and there is perhaps slight pallor of the internal arcuate fibres from 
the nuclei cuneati. At higher levels the lemnisci, however, appear normal. 
Most of the olivary fibres are involved, but those which enter the -resfiform 
body above the legion escape. The external cuneate nucleus on each side is 
more damaged. The degenerated restiform bodies can be clearly seen (fig. 8), 
and the intact fibres of the I.A.K. bundle or vestibulo-cerebellar connections 
stand out in contrast. Fig. 9 shows the degenerated fibres radiating out to the 
vermis. The lesions undoubtedly involved the restiform bodies at about their 
middle. ` The fibres interrupted by the lesions are those of the spino-cerebellar 
tracts, those from the nuclei lateralis medulla, those from the external cuneate 
nucleus and probably the caudal olivo-cerebellar fibres of both sides. 


IV.— DISCUSSION. 


Section of the dorsal spino-cerebellar tract in our animals produced 
definite and constant symptoms. . These were not complicated by asso- 
ciated damage of ‘the pyramidal-tract, for sections of the spinal cords 
showed no degeneration in this tract. The symptoms were slight 
ipsilateral weakness, some degree of hypotonia, diminution, of the 
reflexes, slight dysmetria, and in the acute stage a diminution in the 
hopping and placing reflexes. -In the acute stage the animals occa- 
sionally fell towards the side of the lesion and -the ipsilateral limbs were 
abducted. ‘These disturbances were transient and had. practically dis- 
appeared by the end of ‘two or three weeks. Later it was difficult to 
distinguish one of these animals from a normal monkey. 

The same symptoms, but in varying degrees, were found when the 
lesions involved the restiform body at different levels, provided there 
were no vestibular complications. Even when the lesion was near the 
entrance of the eighth nerve we failed to find the rolling movements 
described by. previous authors, as by Biedl in the cat and by Ferrier and 
Turner in the monkey. These occurred only when the lesion extended 
deep enough to involve the vestibular apparatus. On the other hand, 
rolling movements were observed in animals in which we systematically 
produced lesions of the vestibular system. ‘These will be reported in 
detail in a subsequent publication. 

It is of interest that the symptoms, although similar in type to those 
produced by section of the dorsal spino-cerebellar tract-in the cord, were 
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greater in inteasity when the lesions involved the restiform body in the 
medulla. The severity of the disturbances seerns to increase the higher 
the level at which the lesions injured the restiform body, indicating the 
involvement of fibres of other sources with similar types of function, 
for example, the large bundle of fibres from the external cuneate nucleus 
which enters the outer side of the ipsilateral restiform body. The 
external cuneate nucleus, which has been variously described as the 
nucléus of Monakow, the nucleus of Blumenau, the nucleus corporis 
restiformis, nucleus cuneatus externus, &c., receives fibres by way of 
the funiculus cuneatus from the cervical and upper dorsal roots, and 
sends fibres into the ipsilateral restiform body. This nucleus of Clarke- 
Monakow, as we prefer to call it in honour of Clarke [58] who first 
decribed it, and Monakow [42], who first recognized its cerebellar con- 
nections, undergoes atrophy when the cerebellum is removed or when 
the inferior peduncle is cut at a high level, indicating that the nucleus 
sends its fibres into the inferior cerebellar peduncle. In one animal 
in which we injected alcohol into the caudal half of this nucleus, the 
symptoms were similar to those of the lesion of the dorsal spino-cerebellar 
tract. Many authors as Gudden, Monakow, Edinger, FElechsig, 
Mingazzini, Lewandowsky, Mussen, &c., have stated that each dorsal 
column nucleus sends fibres into the restifornm body, particularly into 
that of the opposite side, which originate, according to them, from the 
nuclei gracilis and cuneatus, irrespective of the nucleus of Clarke- 
Monakow (anterior external arcuate fibres). The posterior external 
arcuate fibres from the nuclei gracilis and cuneatus reach the homolateral 
restiform body. And according to Klimoff, Darkschevitch and Freud, 
Goldstein, &c., crossed and direct fibres trom ‘the posterior columns pass 
directly into the cerebellum. The existence of these fibres is still a 
matter of doubt. 

In addition to these contingents of fibres our work has shown that 
the nucleus of Clarke-Monakow (external cuneate nucleus) establishes 
an important connection between the dorsal roots from the upper 
extremities and neck and the inferior cerebellar peduncle. Section of 
the restiform body above the level of this nucleus may therefore be 
expected to produce more intense symptoms than lesions of the dorsal 
spino-cerebellar tract in the spinal cord. 

Another addition to the upper part of the restiform body is the large 
olivo-cerebellar contingent, arising from the opposite olive. These fibres 
enter the restiform body on its mesial aspect at the level of entrance of 
the eighth nerve. 
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A further group of fibres is received from the so-talled nucleus 
lateralis medulla. This nucleus undergoes atrophy after lesions of the 
ipsilateral inferior cerebellar peduncle even at fairly low levels. 

It may therefore be expected, in view of the numerous contingents 
which enter the restiform body as it passes upwards, that the symptoms 
associated with lesions of it at various levels may vary. The intensity 
of the disturbances increases as the lesions lie more cephalad, but no 
new symptoms appear. The tendency to fall to thé side of the lesion 
particularly, increases as the lesion lies higher in the restiform body. 

It may be noted that in our descriptions of the animals, most of the 
symptoms appeared to be explicable on the basis of deficient afferent 
impulses to the cerebellum from the limbs. There were no symptoms 
of abnormal activity such as rolling movements, spontaneous tremor at 
rest (except transitory tremor in the acute stage) intention tremors, oy 
spontaneous nystagmus in pure lesions of the spino-cerebellar tract or 
restiform body. Such symptoms have been described by almost all 
previous authors who have experimented on the inferior cerebellar 
peduncle in the monkey and other animals. There is little doubt that 
these active symptoms are due to complicating factors such as exten- 
sion of the lesion beyond the restiform body proper. They occurred in 
many of our other animals in which the lesions extended into the 
vestibular nuclei or involved the secondary vestibular connections such 
as the I.A.K. bundle (uxtarestiform body). In these animals the 
symptoms differed from those in which the restiform body or dorsal 
spino-cerebellar tract only were injured, and included rolling move- 
ments toward the side of the lesion, spontaneous tremors, abnormal 
postures of the head, spontaneous nystagmus, &c. As the vestibular 
nuclei and the secondary vestibular connections lie close to the restiform 
body, especially in its higher levels, in the absence of serial anatomical 
controls small but significant lesions which may complicate the symptoms 
can be missed easily. 

An interesting feature of the experiments is the ability of the 
animals to compensate practically completely the disturbances of cere- 
bellar function due to bilateral lesions-of the restiform body. After 
two or three weeks, even in the presence of bilateral lesions which 
interrupt all the afferent impulses from the limbs to the cerebellum by 
way of the restiform body, the animal may jump about, climb and 
use its limbs practically as well as a normal monkey. The other 
sources of afferent impulses to the cerebellum are the middle peduncle 
from higher levels and the vestibular connections between the medullary 
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vestibular nuolei and the nuclei of the cerebellar roof, but none-of these 
are directly related to the limbs. It is of interest that the symptoms 
are more persistent if, in addition to injury of the restiform bodies, 
there are lesions of the vestibular apparatus, either of the vestibular 
nuclei or of the I.A.K. bundle. Then the animal may never, at least 
within eight or nine months, compensate to any great extent the 
combined disturbances. 

Another point of interest is the comparison between the results of 
lesions of the dorsal spino-cerebellar tract in the high cervical region 
with those following unilateral section of the dorsal columns at the 
same level. The disability due to the latter is much more marked 
and differs in type too. In the first place lesions of the dorsal columns 
lead to practically complete loss of spontaneous movements in the 
limbs; the animal does not grip any object spontaneously and seems 
Incapable of closing its fingers around any object of support, while the 
animal with a lesion of the dorsal spino-cerebellar tract is perfectly 
capable of reaching out with the arm or leg of the affected side and of 
grasping a support accurately and with good strength. Lesions of both 
the dorsal columns and of the spino-cerebellar tract are associated with 
diminution in muscle tone as determined by resistance to passive move- 
ments, but this 1s more marked in the presence of lesions of the dorsal 
column. When the dorsal columns are injured the deep reflexes are 
active and even appear at times to be over-active, while in lesions of 
the dorsal spino-cerebellar tract they usually appear slightly decreased. 
That this is not due to involvement of the pyramidal tract is shown by 
the fact that similar decrease of the knee-jerks is found when the lesion 
is made in the restiform body above the level at which the iia 
fibres could possibly be injured. 

Animals with lesions of the restiform body, regardless of the level, 
are always perfectly capable of grasping objects spontaneously and of 
using the limbs in practically, every type af movement. When the 
dorsal-column nuclei are injured they lose the ability to perform 
spontaneous movements with the limbs and are incapable of grasping 
objects or particles of food, exactly as when the dorsal columns are 
divided. , 

In a previous communication on the effects of lesions of the dorsal 
columns [59] we have shown that when they are injured by lesions in 
the cervical segments the symptoms are more severe in the fore-limbs 
than in the hind-limbs. This was attributed to the combination of dorsal 
column elements and cerebellar elements in the dorsal columns at these 
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levels. The cerebellar elements are those which enter the dorsal 
columns to pass to the ipsilateral restiform body by way of the external 
cuneate nucleus (nucleus of Clarke-Monakow). The direct pathway for 
cerebellar representation from the upper limb has, in contrast to that 
from the hind-limb, been always obscure. It has been assumed that 
the dorsal spino-cerebellar tract carries impulses only from the trunk 
and hind limbs, but in our experimental animals in which only the 
dorsal spino-cerebellar tract was injured in the cervical region,’ the 
ipsilateral fore-leg was affected in the same manner as it was by lesions 
of the restiform body, and the symptoms in if were just as severe as 
those in the hind-limb. This indicates that in addition to the dorsal 
column cerebellar component from the upper limbs there must be 
another component which reaches the inferior peduncle by way of the 
dorsal spino-cerebellar tract. 

Our present work has not established accurately the origin. and 
terminations, or even the minute anatomy, of the dorsal spino-cerebellar 
tract, but it shows that after reaching the restiform body the fibres 
' of this tract tend to take a lateral course in the restiform body while 
the fibres from the various medullary components are added to the 
mesial portion of the restiform body. At higher levels this position 
is possibly reversed, inasmuch as the fibres from the olive, for example, 
may reach the lateral lobes of the cerebellum whereas those of the 
dorsal spino-cerebellar tract ultimately pass to the vermis. This would 
necessitate a crossing of these fibres somewhere in the course of the 
inferior cerebellar peduncle. 


V .—CoONOLUSIONS. 


(1) Section of the dorsal spino-cerebellar tract in Macacus rhesus 
monkeys, unassociated with any pyramidal tract involvement, produces 
a definite group of symptoms consisting of ipsilateral weakness of the 
limbs, slight hypotonia, diminution of the reflexes, slight dysmetria and, 
in the acute stage, a diminution in the hopping and. placings reflexes ; 
occasionally, in the acute stage, the animal tends to fall toward the side 
of the lesion, and the ipsilateral limbs while at rest assume abducted 
postures. 

(2) The disturbances practically disappear by the end of two or 
three weeks. Later it is difficult to distinguish one of these animals 
from a normal monkey. Only a slight loss of elasticity in the ipsilateral 
limbs may persist. 

(3) The symptoms associated with section of the restiform body are 
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the same in t?pe as those which result from section of the dorsal spino- 
cerebellar tract. The only difference is one of intensity, as the lesions 
of the restiform body are followed by a more pronounced dysmetria, 
hypotonia, ipsilateral weakness and. diminution of the reflexes. 

(4) The symptoms are the same in type regardless of the level at 
which the restiform body is divided, but their intensity is -greater, the 
higher the lesion is placed. The explanation is that lesions in the upper 
part of the restiform body involve new contingents of fibres from various 
structures which join the restiform body to enter the cerebellum 
(contingent from the nucleus funiculi lateralis, contingent from the 
nucleus of Clarke-Monakow and contingent from the olives). 

(5) We have never observed after section of the restiform body 
forced postures or movements, such as rotation around the long axis 
of the animal, or deviation of the head or chin to one or the other 
side. ‘These phenomena do not, therefore, constitute an integral part 
of the symptomatology of lesions of the restiform body as previous 
Investigators have stated. They appear only when the vestibular 
apparatus (vestibular nuclei or I.A.K. bundle) is also injured. l 

(6) The lesions of the dorsal spino-cerebellar tract in the higher 
cervical segments of the cord is followed by disturbances in the ipsilateral 
upper extremity. We therefore assume that part of the cerebellar 
representation of the upper limbs must be established through the 
dorsal spino-cerebellar tract. There is also another pathway which 
connects the posterior columns with the cerebellum by way of the 
external cuneate nucleus or nucleus of Clarke-Monakow. 
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THe frequent association of hydrocephalus with spina bifida has been 
observed for centuries but no explanation of this association has yet 
proved generally acceptable. Morgagni (1769) thought that the 
hydrocephalus was the primary disorder and that the excess of fluid 
present caused the spinal defect and the bulging sac at the site of this 
bony deficiency. Both he and subsequent observers had difficulty, how- 
ever, in accounting for the occurrence of spina bifida without hydro- 
cephalus. In the latter part of the last century the association came to 
be explained in terms of teratogenesis but without any precise conception 
of the mechanical factors responsible for the hydrocephalus. At that 
time little was known, however, of the way in which the cerebrospinal 
fluid is formed and circulates. The work of Lewis Weed (1914) and of 
Dandy and Blackfan (1914) has thrown much light on these problems 
and has led to the recognition of “communicating” and “non- 
communicating ” types of internal hydrocephalus. In the former a dye 
injected into one or both lateral ventricles can be recaptured within a 
few minutes from the lumbar subarachnoid space; in the latter this is 
rendered impossible by the presence of a block which prevents in some 
part of its course the passage of cerebrospinal fluid from the lateral 
ventricles to the spinal subarachnoid space. 

In this paper a mechanical explanation is offered of the production 
of communicating hydrocephalus in a series of cases of meningo- 
myelocele. Further, the examination of a single case of meningocele 
without hydrocephalus suggests that the same mechanism may some- 
times. operate also in this type of spina bifida. To determine the factors 
responsible for hydrocephalus in any given instance it is desirable that 
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the anatomical study should be carried out in the light of a clinical test 
to discover whether the hydrocephalus is of the communicating or of 
the non-communicating type. Unfortunately this has been practicable 
in only a few instances. The study of pathological anatomy alone may, 
however, give a satisfactory clue to the nature of the hydrocephalus. 


MENINGO-MYELOCELE. 
$ (1) Material. 
A series of ten consecutive cases of lumbo-sacral or dorsi-lambo- 


sacral meningo-myelocele have been examined. ‘Their principal 
clinical and anatomical features are presentad in the accompanying 
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Fia, 1.—Oase 10. Median sagittal section through brain-stem to show Arnold-Chlari 
malformation. Gross elongation of medulla. 


table. Internal hydrocephalus was present at birth in all except 
two examples (Cases 4, 6). In two only of the eight cases in- which 
hydrocephalus was present was it demonstrated, by the injection 
of dye or india ink, to be of the non-communicating type 
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(Cases 5, 8). In Case 5 there was atresia of the Sylvian aqueduct 
and in Case 8 the foramina of Luschka and Majendie were 
imperforate. A communicating hydrocephalus was present in three 
examples (Cases 2, 8, 7). In Case 7 this was demonstrated by the 
injection of india ink into the ventricles. In Case 2 ‘there was an 
ascending purulent meningitis and it was evident, from the path of 
the infection, that the hydrocephalus was of the communicating type. 





In Case 3 a similar conclusion was reached from the anatomical 
examination. In the three remaining cases (1, 9, 10) the determination 
of the type of hydrocephalus present was not practicable. 

In both of the cases (4, 6) in which hydrocephalus was absent the 
cerebrospinal fluid escaped freely from the body through a fistula in the 
membrane covering the spinal defect ;- hence there was no back pressure 
along the cerebrospinal pathway and no hydrocephalus. In Case 4 the 
infant survived birth for eleven days and pyocephalus developed as a 
result of an ascending infection of the cerebrospinal pathway. ` 


(2) Malformation. 
In all ten examples a remarkable malformation of the hind-brain was 


observed. In this a tongue of variable length, consisting of cerebellar 
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tissue and thb greatly elongated medulla oblongata, protrudes down- 
wards into the spinal canal (figs. 1,2). It overlaps and compresses the 
upper segments of the cervical cord, distending the dural theca in this 
neighbourhood and filling the foramen magnum. The cavity of the 
fourth ventricle extends caudally into this tongue, lying between the 
cerebellar and medullary components. The maximum diameter of the 
ventricle is usually within the vertebral canal at and below the level 
of the foramen magnum, and here too or at a still lower level 
are found the choroid plexuses and the foramina with which they - 
are associated. The plexuses are sometimes united into one mass 
which lies in the middle line in the ventricular cavity (fig. 4). The 





Fig. 3.—Dia of the malformation in Oase 4. Unshaded part = cerebellum ; 
diagonally shaded part = medulla oblongata; black = spinal cord; granular areas = choroid 
plexus, i 


floor of the ventricle, formed by the elongated medulla oblongata, 
presents the characteristic markings of the rhomboid fossa, and in the 
middle line towards its caudal extremity is a minute pore which provides 
a horizontal communication between the ventricle and the central canal 
of the ventrally placed spinal cord. The cavity of the ventricle usually 
extends beyond this pore as a diverticulum into the tip of the tongue-like 
mass. Cross-sections of the brain-stem show a somewhat complicated 
pattern according to the number of structures involved. Examples are 
diagrammatically shown in figs. 3 and 4; these also demonstrate the 
variations that exist in the relative lengths of the cerebellar and 
medullary components foundin the malformation. These diagrams and 
the drawing in fig. 2 represent dissected specimens; in the undissected 


THE MECHANISM OF INTERNAL HYDROCEPHALUS IN SPINA BIFIDA 207 


specimen the malformation -is greatly obscured» by the investing 
leptomeninges which are usually thick, gelatinous and remarkably 
vascular. 

A number of other structural abnormalities are commonly found in 
association with this malformation. The spinal cord appears abnormally 
small and the cervical roots always run in a cephalic direction to reach 
their exits through the dura mater (fig. 2). Their cephalic direction 
decreases as successive segments are examined until, in the upper 
thoracic region, they are either horizontally or caudally inclined. 





* 






Hic. 4.—Diagram of the malformation in Case 9. Oonventions ae in fig. 8. 


Hydromyelia is commonly present in a variable number of consecutive 
segments in the cervical and thoracic cord. There is a conspicuous 
hypoplasia of the cerebellim which is usually composed of a small com- 
pact mass lacking differentiation into vermis and lateral lobes. The 
tonsils and flocculi can seldom be identified. The pons as well as the 
medulla oblongata is elongated and lacks the characteristic ventral 
protuberance. It is poorly demarcated from the medulla. In addition 
the cranial nerve roots arising from the pons and medulla are greatly 
elongated ; for example, in Case 6 the sixth roots measured 2'1 cm. to 
their foramina, the eighth roots 1'7 cm. and the fifth roots 1'3 om. The 
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corpora quadrtgemina are poorly defined and are sometimes fused into a 
single conical mass. 

- This curious maldevelopment was noticed first by Arnold (1894) in a 
case of spina bifida described as an example of “ Myelocyste”’; it was 
more fully described in the following year by Chiari in a series of seven 
cases of spina bifida, one only of which was more fully particularised as 
an example of meningo-myelocele. A good description in five cases of 
meningo-myelocele was published by Solovtzoff (1901), but perhaps the 
best and fullest account is that of Gredig and Schwalbe in four cases of 
meningo-myelocele (1907). The last-mentioned authors give a detailed 
study of the dislocation of nerve-tracts caused by the malformation and 
itis not proposed, therefore, to describe the microscopic anatomy in the 
present series. They called this lesion the Arnold-Cliart malformation 
and it is convenient to adopt this name. 


(3) Relation of the Malformation to Hydrocephalus. 


The elongated fourth ventricle extends for a considerable distance 
below the foramen magnum. It follows that if the foramina of Luschka 
and Majendie are patent the cerebrospinal fluid escapes into the sub- 
arachnoid space within the vertebral canal. The plugging of the upper 
cervical part of the canal by the Arnold-Chiari malformation is likely to 
hinder any upward flow of fluid into the subarachnoid channels within 
the posterior fossa, into which it normally passes on its way to escape 
through the cranial arachnoid villi. According to the experiments of 
Dandy and Blackfan (1914) the greater proportion (three-fourths to 
four-fifths) of cerebrospinal fluid is absorbed from the surface of the 
brain and from one-fourth to one-fifth only from the spinal canal. 
Accepting this estimate it follows that occlusion of the foramen magnum 
in these cases of spina bifida will lead toa damming back of cerebro- 
spinal fiuid in the ventricular system and hence to internal hydrocephalus. 
Certain evidence can be advanced in support of this hypothesis from 
study of our series of cases. 

Esperimental evidence.—In Cases 4 and 7 a suspension of india ink 
was introduced into the lateral ventricles when death was imminent and 
the distribution of the particles examined at necropsy. On naked eye 
examination there was a profuse deposit of pigment throughout the 
ventricular system and in the subarachnoid space of the spinal canal 
below the level of the Arnold-Chiari malformation. Above this level 
the leptomeninges in Case 4 appeared to be devoid of pigment, although 
on microscopic examination a few particles were found within macro- 
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phages in the leptomeninges over the mid-brain. Ip Case 7 a moderate 
amount was visible at the base of the brain and a very little in the sulci 
over the cerebral convexities. From this it is inferred that an appre- 
ciable though incomplete blockage was present at the foramen magnum 
in both cases, the degree being greater in Case 4 than in Casé 7. 
Patency of the leptomeningeal spaces over the cerebral convexities was 
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also.demonstrated by the distribution of the particles in Case 7, so that 
a defect in this respect cannot be advanced as an alternative explanation 
of the hydrocephalus in this case. 

Pathological evidence.—In two instances (Cases 2 and 4) there was 
an ascending purulent leptomeningitis and pyocephalus following infec- 
tion of the tissues at the site of the spinal defect. Examination of 
these specimens, both macroscopically and microscopically, showed a 
sevére purulent infiltration of the spinal meninges up to the level of the 
Arnold-Chiari malformation, but above this level the inflammatory 
reaction was mainly confined to the ventricular system where a con- 
spicuous pyocephalus was present. In neither instance was there any 
macroscopic infiltration of the basal meninges, but microscopically a 
slight degree of infiltration was found about the mid-brain in both. 
These findings suggest some degree of obstruction at the foramen 
Magnum to the upward passage of organisms within the leptomeningeal 
spaces. 

Other evidence.— Lastly, certain clinical observations are relevant to 
this discussion. It has for long been known that operative removal of 
the sac in spina bifida is frequently followed by hydrocephalus when 
this was not present before the operation. Now it has been shown by 
Penfield and Cone (1932) that the soft tissues of the sac absorb cerebro- 
spinal fluid, and these authors claim that hydrocephalus can be avoided 
if the walls of the sac are conserved. They explain this result by 
postulating that the normal mechanism for the absorption of the fluid is 
imperfectly developed in these subjects (private communication). But 
in terms of the theory advanced in this paper the development of 
hydrocephalus after operative removal of the sac can be simply explained 
as a decompensatory effect. Itis not unreasonable to suppose that the 
extra absorbing apparatus provided by the sac may be just sufficient to 
balance the degree of obstruction at the foramen magnum in instances 
where such obstruction is not severe. If this is true then operative 
removal of the sac will disturb this balance and will be followed by the 
development of internal hydrocephalus. 


_ MENINGOOELE. 


The material so far described has been limited to meningo-myelocele. 
Hydrocephalus has also been observed in many cases of meningocele ; 
‘in some of these it has been congenital and in others it has followed 
operation. Inasmuch as these are more favourable cases for surgical 
treatment than examples of meningo-myelocele, it is of practical 





; — the care of one of us (C.D.) with a translucent cystic meningocele, about 6 om. 
mee diameter, over the sacrum. There was no hydrocephalus and no further 
-s demonstrable abnormality in the nervous system. Operative interference 
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importance to discover whether they also are liable to pr 
malformations of the brain stem. From this point of view it is’ 
tunate that no comparable series of cases has been available 
anatomical study. One example only of meningocele has come to 
necropsy within the period of this study. This will be fully described 
because it possesses features that, in our view, bring this class of case 
into line with those already described. 


— Clinical. Reg. No. 21882. 1934. Surgical. A female infant was ad- — 
-o mitted when three days old to the London Hospital on July 16, 19384, under f 


-o could not be delayed on account of threatened rupture of the sac. On 


n -ing the skull the convolutions were flattened and dry. During manipulation 


August 7 the greater part of the sac was removed because it was too ` 
tenuous and poorly nourished to be preserved. What remained of the under- 
lying meninges was puckered up, and the muscles on either side were freed 
and approximated in the middle line. The skin when sutured was under 
tension. On August 11 the wound was slightly inflamed, and two days later 
the temperature began to rise, reaching 108° F. on the 15th and 105° F. on the 
20th. On August 23 the temperature returned to normal and after that fug- 
tuated. Lumbar puncture on August 30 produced blood and pus from whieh 
a pure culture of a coliform bacillus was grown. One month after the opera- 
tion there was definite expansion of the skull and the infant was weaker. 
Head retraction was present and varied from day to day. Further lumbar 
-punctures on September 8 and 26 produced “pure pus” and “ turbid fluid” 

‘respectively. The infant died on October 25, 1934, aged 15 weeks. 

Summary of Necropsy (P.M. 423. 1934). Bronchopneumonia. Pryo- 
cephalus. Ascending purulent (Bacillus coli) cerebrospinal meningitis. Opera- 
tion: Plastic repair of lumbo-sacral meningocele. Spina bifida.—Slight edema 
of myocardium. Edema and congestion of liver, spleen and kidneys. Very 
little glandular tissue in thymus. Moderate amount of lipoid in suprarenal 
bodies. Severe mucous catarrh of stomach. Greyish green pus in both 
middle ears. An extremely wasted female infant. 

Examination of brain.—The skull was slightly expanded, measuring 38 cra. 
in circumference, 22 cm. from nasion to inion and 28 em. coronably between 
the external meati. The bones of the vault were widely separated. On open- 


of the brain a considerable quantity (over 250 c.c.) of thin green pus escaped 
from the lateral ventricles. There were light adhesions between the arachnoid 
and dura at the base of the brain. Golden streaks of inspissated pus were 
present in the leptomeninges in the proximal parts of the Sylvian fissures and 
the adjacent surfaces of both temporal poles. Similar deposits were present 
over the dorsal and posterior aspects of the cerebellum and to a less extenton > 
the ventral surface of the pons. The lateral ventricles were greatly dilate: ‘a 





212 ORIGINAL ARTICLES AND CLINICAL CASES 


and the ependymal surfaces were coated with a thick layer of green pus. The 
cavity of the third ventricle and the Sylvian aqueduct were filled with inspis- 
sated golden pus. (The subtentorial part of the brain and the spinal cord 
were removed together with the dural theca and were fixed in formalin before 
further examination). 

Apart from a diffuse chronic purulent spinal meningitis the principal 
features are illustrated in fig. 5. The cerebellum is well formed and appears 
to be of full size. The medulla oblongata occupies the uppermost part of the 
vertebral canal and is seen from the dorsal aspect as a smooth area (1 cm. long 
by 1°35 em. from side to side) which is embraced on either side by the 





| Ptah, 3h 


Fic. 5,—Dorsal views of hind-brain and lumbo-sacra] cord in case of meningocele 
(P.M, 423, 1934). ° 


upwardly directed roots of the upper two cervical segments. This appearance 
of the medulla recalls the Arnold-Chiari malformation seen in the series of 
cases of mgningo-myelocele, but on dissection there is no overlapping of the 
spinal cord by a tongue of folded medulla oblongata such as is seen in the 
fully developed malformation. Further dissection shows, however, a disloca- 
tion of the choroid plexuses of the fourth ventricle: a large tuft (0°6 em. by 
0-4 cm.) occupies the middle line between the tonsils in the position of the 
foramen of Majendie. From this the right choroid plexus loops downwards 
and forwards in the leptomeninges following the lower border of the tonsil 
and appears to terminate in the right foramen of Luschka. The left plexus is 
not visible from the exterior but lies within the ventricle, uniting the central 
intertonsillar mass with the left lateral recess. The cavity of the fourth 
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ventricle is collapsed and is filled with inspissated pus. It is continued down- 
wards just beneath the mid-dorsal line throughout the elongated portion of the 
medulla oblongata and passes thence to the central canal of the spinal cord, 
becoming more ventrally placed in the transition. The pons is well formed 
and is clearly demarcated from the medulla. The sulcus separating them is 
unusually low in relation to the cerebellum, being only 0°6 cm. above the tips of 
the tonsils. On transverse section the medulla appears well formed, the 
olives are present at the same level as the inter-tonsillar mass of choroid 
plexus and are traceable downwards to a point 0'2 em. above the junction of 
medulla and spinal cord. 

Spine and spinal cord—A completely healed cruciate operation scar (7 cm. 
from above down by 5'5 em. from side to side) extends from the second lumbar 
vertebra to within 1°7 om. of the tip of the coccyx and laterally over the iliac 
crests. Beneath this is an oval deficiency (8°7 cm. long by 1'5 cm. at widest) 
due to the non-union of the laming of the lowest three lumbar and all the 
sacral vertebra. This gap is filled in with scar tissue uniting the skin with the 
subjacent meninges. The appearances on dissecting the lowest part of the 
spinal cord are represented in fig. 5. The cord, which extended into the lowest 
part of the sacrum, ends in a bulbous expansion measuring 1°7 em. from above 
down by 1'1 om. from side to side by 0'6 cm. thick. There is no lumbar 
enlargement and no cauda equina. The lumbar cord is 4'5 cm. long and is 
similar in calibre to the thoracic cord. Its roots are given off almost hori- 
zontally and the lower filaments of the fifth segment are even cephalic in 
direction. The anatomy of the sacral roots was not satisfactorily elucidated, 
partly because the bulbous expansion was enveloped in scar tissue and partly, 
as transverse sections revealed, because an upward folding of the most caudal 
part of the cord led to an appearance of duplication just above the middle of 
the expansion and to a complete distortion of the pattern below this level. 
As shown in the figure, however, three roots pass in segmental fashion through 
the dura on the left side while two other roots cross the posterior surface of 
the expansion upwards and to the right to pass through the dura with the 
fifth right lumbar root and opposite the first left sacral root respectively. 
Throughout the thoracic and lumbar regions the centre of the cord is occupied 
by a lenticular or polygonal area (up to 0°3 by O'l om. in the 4th lumbar 
segment) of yellowish appearance with, in places, a rusty-brown border. 

Microscopic examination.—The leptomeninges throughout the spinal cord 
and the brain-stem show considerable fibrous thickening and are infiltrated 
with many plasma cells, small lymphocytes and a few neutrophil lencocytes. 
The central canal of the spinal cord and the cavity of the fourth ventricle are 
filled with similarly infiltrated, sclerotic tissue corresponding with the yellowish 
areas observed in the spinal cord with the naked eye. The yellowness is due 
to the presence of considerable collections of foam cells. These changes in the 
meninges, fourth ventricle and central canal are doubtless a result of the 
infection. ‘The anatomical appearances described in the hind-brain and spinal 
cord are confirmed. The medulla is well-formed. Sections taken through 
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the bulbous enlargement of the sacral cord at the levels of the left, second and 
third roots show, on either side, a deep lateral cleft. The outline of the cord 
thus resembles a flattened cottage loaf. In the more caudal of the two 
seations the spinal cord is almost completely divided into dorsal and ventral 
parts. The pia occupying the left lateral cleft in tne higher of the two sections 
contains three epidermoid cysts, the largest of which (2 by 0°9 mm.) lies 
at the ventral lip of the cleft and the other two at the dorsal lip and the 
depth of the cleft respectively. The cysts are lined with squamous and 
prickle-celled epithelium and are filled with thin concentric lamingw of 
exfoliated material. They are evidently a developmental abnormality. 


DISCUSSION. 


We have described ten consecutive examples of the Arnold-Chiari 
malformation in cases of meningo-myelocele, and have shown how the 
deformity may be the cause of the hydrocephalus. In the literature 
upon the Arnold-Chiar1 malformation the exact nature of the spinal 
defect is not always stated. Thus in Arnold’s one case the defect was 
described as a “ Myelocyste,’ while in ‘six cf Chiari’s seven cases it 
was simply labelled as spina bifida. Where, however, the nature of the 
defect is clearly stated it has been a meningo-myelocele. 

Hydrocephalus is, however, also sometimes associated with menin- 
gocele, as is shown by clinical records. Such anatomical studies of this 
condition as we have discovered in the literature, and they have been 
very few, have not thrown any light upon the possible occurrence of 
malformations of the bind brain in this class of case. Nor have they 
given an explanation of the hydrocephalus which is sometimes found. 
Detailed descriptions of the central nervous system in spina bifida 
occulta have been published more frequently and there is no doubt that 
in this condition the hind-brain is usually normal. We have dissected 
the brain and cord in two examples of spina bifida occulta and in neither 
have we found any abnormality in the brain-stem. Hydrocephalus 
was absent. 

Our single case of meningocele shows, however, that the incidence 
of malformations of the medulla oblongata and fourth ventricle of the 
Arnold-Chiari type is not limited to examples of meningo-myelocele. 
In the present instance it is clear that the deformities were of a far 
less severe order than those described as characteristic of the Arnold- 
Chiari malformation, although they appear to be of a similar kind. 
There was no hydrocephalus. The demonstration, however, of a minor 
degree of the malformation in a case of meningocele without hydro- 
cephalus suggests the possibility that greater degrees of the malforma- 
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tion may be the cause of the hydrocephalus that complicates some 
examples of meningocele. 

Our theory awaits confirmation. If hydrocephalus, either congenital 
or post-operative, were due to such a malformation, then air injected by 
the lumbar route would collect in the ventricles and not in the sulci 
upon the cerebral convexities. Such a result would be not only of 
academic interest but of clinical importance. It would point to the 
desirability of decompressing the spinal cord at the foramen magnum 
to facilitate the circulation of fluid in the leptomeningeal spaces. Such 
an Operation has not yet been carried out.’ 


SUMMARY. 


Attention is drawn to the Arnold-Chiari malformation as a possible 
cause of internal hydrocephalus in spina bifida. j 

The malformation was found in ten consecutive examples of lumbo- 
sacral or dorsi-lumbo-sacral meningo-myelocele. __ 

A comparable but far less pronounced malformation of the medulla 
oblongata is described in a case of lumbo-sacral meningocele without 
hydrocephalus. It is suggested that a more typical Arnold-Chiari 
malformation may be the cause of the hydrocephalus that complicates 
some examples of meningocele. 
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University of Leiden by O. J. van Houweninge Graftdijk in 1982. The author discusses in 
this the probability that the Arnold-Chiari malformation acts as a valve, but he believes that 
it acts in a manner contrary to that suggested in our paper. He brings forward evidence 
that the cerebrospinal fluid can escape readily in an upward direction from the vertebral 
canal into the ventricles or cerebral meningeal spaces but has difficulty in passing from the 
ventricles down into the vertebral canal. He has endeavoured to relieve this obstruction 
either by resecting the tongue of redundant tissue or by resection of the bone over the 

osterior surface of the malformation and incision of the underlying dura. His cases, 
owever, have died either from the effects of the operation or m post-operative 
complications. i 
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PAIN: THE PERIPHERAL PATHWAY. 
BY G. K. STURUP (COPENHAGEN)! AND E. ARNOLD CARMICHAEL. 


In order to explain the appreciation of pain in a limb apparently 
rendered analgesic by a lesion of the plexus or by section of the spino- 
thalamic tracts, it has been suggested that pain impulses may utilize 
the periarterial plexus or sympathetic chain to gain entrance to the 
spinal cord. 

In this paper are described experiments which were carried out to 
test these postulates. 


EXPERIMENTS. 


Two healthy young male adults were submitted to the.following 
procedure :— 

Subject A.—The left ulnar nerve was blocked by a perineural 
injection of a solution of 4 per cent. novocain, containing 1:100,000 
adrenalin, where the nerve lies in the groove of the medial epicondyle 
of the humerus. When complete sensory loss in the distribution of the 
ulnar nerve was obtained, as judged by a failure to appreciate superficial 
and pressure pain as well as passive movement of the interphalangeal 
joints of the fifth digit, the digital artery and nerve at the ulnar side of 
the base of the fifth digit were exposed by open dissection. ‘The artery 
with its adventitia was then laid, in a dry field, across two platinum 
electrodes connected to a secondary coil of a faradic battery. Stimula- 
tion was then applied to the artery with the secondary coil in various 
positions. During repeated stimulation of various durations and 
strengths no sensation of any character was perceived by the subject. 
The strength of the current used was more than sufficiently strong to 
give rise to pain when the electrodes were applied to the tip of the 
tongue and to contract the underlying muscle when applied to the skin. 
Stimulation of the exposed nerve in a like manner resulted in no pain 
or other sensation. The artery was then pulled, stretched and clamped 


‘This work was oarried out on behalf of the Medical Research Oouncil at the 
Research Unit, National Hospital, Queen Square, London, while Dr. Sturup held a 
Rockefeller Foundation Fellowship. One of the observazions was reported in the Oliver- 
Sharpey Lectures, 1988, at the Royal Oollege of Physicians by one of us (H.AC.). 
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with forceps again without resultant sensation. During the procedure 
pain and other sensations were appreciated from the radial border of 
the hand on appropriate stimulation. 

Doctors Robertson and Nevin kindly carried out the surgical pro- 
cedure and to them we are grateful for their help. 

Subject B.—A similar procedure was carried out with the following 
differences. The novocain solution was a 2 per cent. solution: after 
exposure of the artery and nerve, the artery alone was stimulated With 
a current from a secondary coil of a faradic battery. No conscious 
sensation was apparent during the stimulation, though at one time the 
electrical stimulus was much greater than necessary to produce con- 
traction of muscle through intact skin. 

Mr. Julian Taylor kindly carried out the surgical procedure and to 
him we are grateful. 


CONOLUSION FROM EXPERIMENTS. 


The perineural anwsthetization of the ulnar nerve as it lay in the 

groove of the medial epicondyle of the humerus produced a complete 
anesthesia of the tissues supplied by the ulnar nerve distal to the site 
of the injection. It may be confidently asserted that the local injection 
of novocain did in no way reach the periarterial .plexus surrounding the 
brachial artery as the latter lay anterior to the elbow-joint. The 
digital artery exposed at the dissection is a branch of the ulnar artery, 
itself a branch of the brachial artery. 
. Accordingly were there pain conducting fibres or fibres competent 
to carry impulses appreciated as pain travelling centripetally along the 
digital artery and its arteries of derivation, the novocain injection could 
not have reached them. As no pain or sensation resulted from stimu- 
lation of the openly dissected artery, it is only possible to assume that 
no centripetal sensory pathway from-the digital artery was available 
along the digital, ulnar and brachial arteries, when the ulnar nerve was 
blocked at the elbow. 

It is not to be assumed from these experiments that sensory fibres 
and endings are not to be found on arteries, for the evidence in favour 
of this is overwhelming. Pain resulting from -experimental puncture 
of an artery is a well-established fact, also pain from the placing of 
hemostatic forceps on an artery. The experiments described only afford 
proof that such sensory fibres travel but a short distance along the artery 
before they leave it to join a peripheral nerve. 
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e . DISCUSSION. 


The literature dealing with the relief of pain by sympathectomy or 
by stripping an artery of its adventitia is of large proportions. The 
observations made by many have led to a controversy as to the presence 
or not of a possible pathway for sensory impulses from the periphery of 
the limbs by way of the periarterial network and sympathetic chain. It 
is not our purpose to review the literature in detail but to quote papers 
germane to the subject andin which excellent reviews of the literature 
may be found. 

Were the hypothesis true that pain may be carried centripetally by 
such paths, anatomically it should be possible to establish the presence 
of fibres passing the whole length of an artery to the periphery of a limb. 
Busch (1927) in experimental histological investigations has demon- 
strated that in animals no nerves, either medullated or non-medulated, 
travel along the entire course of an artery from the main trunk to its 
peripheral branches. He asserts that both types of nerve reach their 
area of distribution at the periphery via the peripheral nerve trunks, 
Coates (1932) in dissections of the human produced evidence that the 
limb arteries as they proceed distally receive frequent branches from 
the peripheral nerve trunks. The anatomical evidence thus favours the 
view that pain is unlikely to be transmitted along the periarterial network 
from the periphery. 

These anatomical studies have received confirmation in the work 
of Woollard and Phillips (1932) as regards the efferent vaso-constrictor 
fibres. By anesthetizing the various peripheral nerve trunks of the leg 
and arm these two investigators were able to establish that vaso- 
dilatation occurred in the distribution of the nerve. These observations 
suggest that the efferent nerves to blood-vessels utilize the peripheral 
nerve trunks to reach their area of distribution. Further, Davis and 
Pollock (1930), in an experimental study with decerebrate cats, were 
unable to provoke any reflex activity by the electrical stimulation of 
arteries ôf a limb which had its nerve supply sectioned immediately 
distal to the rami-communicantes. They believe that any afferent 
stimulus in such a sensitive reflex preparation as the decerebrate cat 
would have elicited a reflex response: and they conclude that their 
experiments substantiate the view that there is no long afferent pathway 
from the limbs which utilizes the periarterial plexus and sympathetic 
chain. 

Foerster (1927), Foerster, Altenburger and Kroll (1929) have made 
many observations upon patients who had pathological lesions involving 
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various parts of the nervous system or who had had various surgical 
procedures carried out for the relief of pain. As the result of their 
intensive study, they deduced that the periarterial plexus may carry 
sensory stimuli from the periphery of a limb, and that the sympathetic. 
chain may carry sensory impulses from the legs to enter the cord above 
the level of a spinal or root lesion. That their material was also 
pathological material renders the interpretation of the results obtained 
a task fraught with difficulty and some uncertainty. 

The experiments recorded in this paper were carried out under 
‘physiological conditions, namely, no disease process was present, the 
subjects being healthy and the procedure was limited and exactly defin- 
able. It is our opinion that the described experiments are in accord 
with the anatomical evidence and favour the view that in man the 
periarterial plexus does not serve as an afferent pathway for pain from 
the periphery. It has thus been possible to establish that no pain 
impulses from the digits of the upper limb reach the central nervous 
system by passing along the periarterial nerves to the sympathetic 
ganglia, thence by the rami-communicantes to the posterior roots and 
so to the spinal cord. 
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SHIVERING: A CLINICAL STUDY WITH ESPECIAL 
REFERENCES TO THE AFFERENT AND EFFERENT 
* PATHWAYS. 


BY V. UPRUS (TARTU), G. B. GAYLOR (GLASGOW), AND 
E. ARNOLD OARMIOBRAEI. 


SHIVERING may be caused by a variety of circumstances, different 
in kind and degree but productive of the same type of muscular activity. 
The various causes of these movements, generally regarded as shivering, 
are toxic as in the course of fevers, visceral as in relaxation of the 
sphincters, emotional as in fright and thermal as in disturbances of 
environmental temperature. This stady concerns itself with shivering 
produced by alterations in temperature and was undertaken to investi- 
gate the pathways subserving the afferent and efferent sides of the 
shivering mechanism. 

In a series of investigations on dogs, Sherrington (1924) found that, 
on transferring an animal from a hot to a cold atmosphere, shivering 
occurred. If the animal had a spinal transection, shivering occurred 
sooner than‘in the normal animal and was more profound. There was, 
however, no shivering below the level of the lesion. When the para- 
plegic part of the animal was immersed in cold water, there occurred 
shivering independent of sensory stimuli from the part immersed. The 
conclusions from Sherrington’s work were that shivering produced by 
cooling an animal was the result of changes in blood temperature acting 
on a “centre ” higher than the spinal level, or the result of such blood 
temperature changes acting upon sensory endings in the intact region 
of the body and the consequent stimulation of a ‘ centre” higher than 
the spinal level. 

Dworkin (1930) found that shivering may occur in acute preparations 
after transections of the brain stem had been made as low down ag 
2 mm. cephalic to the calamus scriptorius of rabbits. 

Keller (1933) found that shivering occurred in cats even when 


1 This work was undertaken on behalf of the Medical Research Oounoil at the 
Research Unit, National Hospital, Queen Square, London, while Dr. Uprus held a 
Rockefeller Foundation Fellowship and Dr. Gaylor a Helley-Stewart Research Fellowship. 
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transections of the medulla oblongata had been mage. In the work of 
Penfield and Bazett (1924), shivering was not produced in chronic 
preparations of cats decerebrated at the level of the superior colliculi. 
It is difficult to make definite conclusions about work in acute and sub- 
acute preparations, but the general trend of this evidence points to 
existence of some cephalic “ centre” necessary for the production of 
shivering. 
METHOD. ° 

Two series of studies were undertaken. A number of healthy men, 
chosen from a group of young post-graduates, were submitted to the 
following experimental procedure. The method employed was then 
adapted to the investigation of patients suffering from the effects of focal 
lesions of the central nervous system. 

The subject was seated or lay in a semi-recumbent position with the 
whole body exposed to the surrounding air in a draught-free cubicle. 
Following a control period of twenty to thirty minutes, the legs were 
immersed up to the level of the tibial tuberosities in a tank of water 
kept at a temperature of 44° to 45° C. When adequate warming had 
taken place, as evidenced by general vaso-dilatation, increase of pulse-rate 
and frequently sweating, the legs were transferred as rapidly as possible 
to a tank of water kept at a constant temperature between 10° C. and 
15°C. During the immersion in cold water, shivering manifested itself. 
The shivering, ushered in by a feeling of coldness and stiffness of the 
limbs, was permitted to continue until it was impossible to inhibit the 
clonic-like tremor by voluntarily relaxing or bracing the muscles. 
When the shivering had become uncontrollable, the legs were trans- 
ferred to the tank of warm water until shivering ceased and peripheral 
vaso-dilatation had been initiated for a second time. At all times the 
water in the tanks was kept constantly circulating. During the course 
of the experiment the temperature of the skin at various sites on the 
body was frequently determined by means of thermocouples. A record 
of the rectal temperature was obtained by means of a special thermo- 
couple inserted 5 to 6 cm. within the external sphincter. 

The rectal thermocouple was of a particular type, designed to give 
rapid registration of temperature change. A hollow finger-like copper 
structure of low thermal capacity fixed to a vulcanite end grooved to 
permit the sphincter ani to close upon it, constituted the heat receptor 
from the rectal mucosa. Into the thin piece of copper were soldered 
two wires, one constantan and the other copper. In the rectal thermo- 
couple a difference of potential proportional to the temperature of the 
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copper was measured against a constant difference of potential in a 
second thermocouple kept at constant temperature of 37°C. The 
difference between the currents in the two thermocouples was registered 
on @ high sensitivity mirror galvanometer. By means of a factor 
determined by physical experiment and found to be constant over 
temperature variations such as were recorded, the amount of deflection 
above or below a zero mark was translated into terms of temperature 
in dégrees centigrade and subtracted or added te 37° C. Thus the rectal 
temperature was obtained at any point of time. The limitations of this 
method are a necessary lag on the part of the rectal thermocouple in 
virtue of thermal capacity, and a small lag, of maximum twenty-two 
seconds, in the galvanometer itself. Although no claim is made that 
the rectal temperatures recorded here are absolute, it is certain that 
changes of temperature are registered with reasonable rapidity, as can 
be seen by many of the findings. The principle of skin temperature 
recording was the same, but the applicability of a thermocouple directly 
to the skin surface obviated the necessity of a large surface couple and 
in registration a needle galvanometer was found sufficient. Readings 
of rectal temperature were made every fifteen seconds and skin tempera- 
ture readings at about the same intervals of time. Direct observation 
was made of the time of onset and cessation, the distribution, the 
intensity and the character of shivering. Notes were also made of 
sweating and “ goose-skin” when they occurred. The subject at the 
commencement of the experiment was invited to co-operate by informing 
the observer of any subjective sensation of warmth or cold which might 
be experienced. 
OBSERVATIONS. 


A. Normal Individuals. 


Experiments were carried out on healthy individuals. During the 
period of control the skin temperature fell, except in the experiments 
when the, air of the cubicle was kept at 37°C. or over; the rectal 
temperature remained practically level, in some falling over a period of 
twenty minutes, not more than 0°02° C., or rising even a smaller amount. 
After immersion of the legs in warm water for a period of five to fifteen 
minutes the skin temperature rose. The rectal temperature also invariably 
rose and before the rapid rise in skin temperature. The amount of rise 
in rectal temperature varied considerably, the smallest being 0°25°C. | 
and the greatest 0°80° C. Following the immersion of the legs in cold 
water, skin temperature rapidly fell to as low a level as or lower than at 
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the commencemcnt of the experiment, except when the temperature of 
the air of the cubicle was kept high. When this was done little or no 
fall occurred in skin temperature, except when sweating had been 
present. The rectal temperature within one to three minutes following 
the transference of the legs to cold water commenced to fall rapidly. In 
two experiments & fall of 2:57 C. in rectal temperature occurred in twelve 
minutes: however, in the majority of individuals the registered fall 
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Fig. 1.—Normal. Chart A with low room temperature. A, legs into water at 45°C. 
B, legs into water at 9°1° O. O, commenced shivering. D, legs into water at 45:4° O. 
B, stopped shivering. 


Chart B with high room temperature. A, legs into water at 45° O. B, legs into water 
at 12°1°O, O, commenced shivering. D, legs into water at 48°4° O, E, stoppéd shivering. 


averaged between 1° and 1°50°C. in ten to twenty minutes. After 
immersing the legs in cold water and at the time when the rectal 
temperature was falling, shivering commenced. The subject first 
complained of a cold feeling or “as if inclined to shiver”; this was 
succeeded by obvious shivering, at first in irregular outbursts in varying 
muscle groups, which rapidly became more intense and widespread. 
In the early stages the shivering could be caused to disappear either by 
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voluntary bracing or relaxing the muscles. Eventually the shivering 
became so intense that no effort on the part of the subject could control 
it. When the shivering had become uncontrollable, the subject was 
still able to perform voluntary movements, though these were frequently 
interrupted by the involuntary shivering; thus acts of precision were 
performed with the greatest difficulty. l 

On the legs being removed from the cold bath and placed in warm 
water, the rectal temperature gradually altered its gradient of fall and 
then commenced to rise. Nearly co-incident with the cessation of the 
fall and the commencement of the rise of rectal temperature, shivering 
ceased. The end of shivering was seldom sbrupt—generally it became 
less severe, less widespread, then in irregular bursts, finally to cease 
altogether. It was striking to observe during this period an apparent 
relaxation suddenly come over the subject, which in time was coincident 
with the commencement of the rise of rectal temperature, It thus 
appeared that shivering was closely connected with the fall in rectal 
temperature and was independent of alteration in skin temperature 
resulting from the vaso-constriction produced by Immersion in cold 
water. To elucidate this aspect two subjects were submitted to the 
same procedure, only differing in that the air of the cubicle was kept at 
87° C. (fig. 1). In this way an attempt was made to avóid cooling of 
the skin, but owing to eruption of sweat it was not possible to prevent 
a slight fall in skin temperature. In spite, however, of the almost 
negligible fall in skin temperature shivering occurred under these condi- 
tions in the two subjects, and in every way was similar to that produced 
when the air of the cubicle was at à lower temperature. 


B. Subjects with Lesions of the Nervous System. 


(i) Complete transverse leston of the cord.—In two cases observa- 
tions were made, but in only one was the rectal temperature of sufficient 
accuracy to be of value for full analysis. In the first case, in which rectal 
temperature readings were inadequate, it was noticed that no shivering 
occurred below the segmental level of the lesion though reflex activity 
was present. Shivering of the type seen in normal subjects only occurred 
in muscles innervated from above the segmental level of the lesion.: In 
the second subject who had a fractured spine with loss of reflex activity 
below the level of the ninth dorsal segment on the left side and tenth 
dorsal segment on the right side, shivering occurred when the legs, after 
previous immersion in warm water, were immersed in cold water. Only 
those muscles having a nerve supply from the segments above the level 
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of the lesion showed the irregular movements of shivering. The onset 
of the shivering occurred during the fall of the rectal temperature at the 
tenth minute after immersion of the legs in cold water. Following 
the transference of the legs to warm water shivering cessed three 
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Fira. 2.—0omplete transverse lesion of the cord. A, legs into water at 44:500. B, legs 
inte water at 9°8°O. O, commenced shivering. D, legs into water at 44'490. E, stopped 
shivering. 


minutes after the rectal temperature began to rise, though the actual 
rectal temperature was 0'99° C. below that registered during the control 
period when no shivering was manifest (fig. 2). It is of interest that 
before shivering was observed the subject complained of a cold subjective 
sensation in the upper part of the trunk. i 
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From these two-observations it is apparent that not only must the 
muscles in which shivering occurs have their motor innervation intact, 
but also that shivering as produced in these experiments is dependent 
upon & central mechanism at a higher level than the spinal segment. 
Further, these two experiments demonstrate that the shivering so 
produced is initiated not by sensory impulses passing centrally from the 
immersed limbs, but by cooled blood fraversing the tissues above the 
level of the segmental lesion. In the discussicn this will be more fully 
dealt with. 


Rown Temperature in °C 





30 40 
Time in Minutes 


Fig. 8.—-Hemiplegia. A, legs into water at 45°2°C. B, legs into water at 9°8° O. 
O, commenced shivering. D, legs into water at 44:2° 0. E, stopped shivering. 


(i) Lesions involving the pyramidal tract in the cerebral hemi- 
sphere.—F ive subjects were studied. The degree of motor involvement 
varied froma a slight paresis to a marked weakness with great spasticity. 
In all, some voluntary movement remained. It was possible to produce 
shivering in the muscles of both the healthy and paretic side of the 
body in all subjects. The shivering had the same relationship to the 
fall of rectal temperature, and ceased in the same manner when the 
rectal temperature commenced to rise, as in normal subjects (fig. 8). In 
two subjects the shivering manifested itself first on the hemiplegic side, 
but in the remainder it commenced either on the sound side or on both 
sides at the same time. Coincident with, but sometimes preceding the 
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shivering, the hemiplegic limbs became more rigid, the upper limb 
contracting so as to become flexed and adducted. 

The study of these cases demonstrated conclusively that damage to 
the pyramidal tract in no significant way influenced the character, time 
of onset, or cessation of shivering. ‘These experiments did not offer 
conclusive proof that the mechanism of shivering was independent of 
the pyramidal tract as in all subjects there remained some degree of 
voluntary movement. It appeared unlikely, however, that the pyramidal 
pathway was necessary as the degree of hemiplegia did not influence in 
any way the character of the shivering or its temporal relationship to 
the rectal temperature. 

(iii) Lestons wnvoluing the thalamus.—In subjects suffering from 
symptoms and signs referable to a lesion in the region of the thalamus, 
no demonstrable difference occurred in the time of onset and cessation, 
the distribution or intensity of shivering on the two sides of the hody. 

It becomes evident that loss of conscious sensation from one half of 
the body does not influence the mechanism associated with shivering. 

(iv) Lesion of the cerebellum and cerebellar pathways.—The lesion 
in one case investigated was, so far as could be determined clinically, as 
purely cerebellar as possible. A long history of years of incoordination 
was present and the case presented the features of a primary atrophic 
lesion of the cerebellum and its connections. By the method described, 
shivering was produced which in time of onset and cessation, severity 
and distribution, was the same as in normal individuals. The relation- 
ship between these events and the rectal temperature was in essence 
similar to that found in the normal condition. A remarkable pheno- 
menon was observed in this. case, in that although shivering occurred 
the movements were modified from the clonic-like type to choreiform 
movements. In another case with a unilateral lesion of the cerebellum 
the temporal relationship of the shivering and rectal temperature were 
identical, and on the side of the lesion the shivering was of a choreiform 
type. ° 

An intact cerebellum appears a necessary requirement for the 
production of the clonic-like movements of shivering. 

(v) Bilateral cordotomy.—A. subject who had been operated on two 
years previously was investigated. The spino-thalamic tract on the left 
side was cut at the third dorsal segment and on the right side at the 
fifth dorsal segment. The subject had a complete sensory loss to pin- 
prick, heat and cold up to the segmental levels incised. ‘The deep 
reflexes in the legs were brisk and the plantar responses were extensor. 
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The subject, however, had excellent control of his legs and was able to 
walk several miles a day without the aid of support. In this particular 
subject, shivering was induced with ease, the period of latency between 
cold immersion and the onset of shivering being very short (fig. 4). 
Shivering was limited to the muscles innervated from segments above 
the level of the incisions in the cord. Even with profound lowering of 






B 
foom Temperature irt V 


Rectal Temperature in V 
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Fig. 4.—Oordotomy. A, legs into water at 45°0. B, legs into water at 10°6°O. 
O, commenced shivering. D, legs into water at 45° O. E, relaxation observed. F, stopped 
shivering. è : 
rectal temperature it was not possible to induce shivering in the muscles 
innervated from segments below the incisions in the cord. 

This case demonstrates that in the presence of slight dysfunction of 
the pyramidal tract shivering does not occur. By [deduction it would 
appear relevant to suggest that the efferent mechanism of shivering is 
dependent upon the integrity of tracts lying in close approximation to 
the spino-thalamic such as the tecto-spinal and rubro-spinal. ` 
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DISCUSSION. 


In these experiments rectal temperatures were recorded at a 
distance of 5 cm. from the sphincter. While it is impossible to state 
categorically that the temperature at such a level is that of the circulating 
arterial blood, it is unlikely that it can be otherwise. Consequently for 
the purpose of the discussion the rectal temperature recorded has heen 
accepted as indicating the arterial blood temperature and will in the 
discussion be referred to as the blood temperature. 

From the investigation of normal subjects, the constancy of produc- 
tion of shivering during a phase of rapid fall in blood temperature 
suggested that in normal shivering changes in blood temperature 
might be of significance. Two positive findings were of constant 
occurrence : first, the period of latency between the application of thẹ 
sensory stimulus of cold to the immersed limbs and the onset of 
shivering ; second, -the cessation of shivering near the lowest point on 
the blood temperature curve which occurred sometime after the legs 
had been immersed in warm water. Only in one instance did shivering 
cease at the point of transference of the lower limbs from cold to hot 
water. ‘The period of latency between cold immersion and commence- 
ment of shivering is against the view that the mechanism of shivering is 
entirely reflex unless summation of stimuli is invoked to explain the 
occurrence. 

The type of shivering produced in these investigations of normal 
people ceased after the limbs had been heated for some time but not 
before there was some definite alteration in the rate of fall of blood 
temperature or a definite rise. This fact was again suggestive of the 
possibility that blood temperature played an important part in the 
causation of shivering. It must be made quite clear that the mechanism 
producing shivering as described above is the only mechanism under 
present consideration. Itis known that the shivering of febrile conditions 
occurs with a rising internal temperature—an observation which’ was con- 
firmed in the present series of studies by making a continuous record of 
rectal temperature during a malarial rigor. This mechanism is probably 
of a different character although objectively there appears to be no differ- 
ence in type of movement. Again the sensory function as productive of 
shivering is admitted; an immediate and transient response to an 
extreme but indifferent thermal stimulus is characteristic of well- 
established reflex activity operated without change in blood temperature. 
Tt is unlikely that such immediate but transitory shivering as occurs on 
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immersion in a hot or cold bath can be brought about by a change in 
blood temperature. 

The proof that change of blood temperature may cause shivering 
hes in the investigation of paraplegic patients. In these cases no 
possible sensation travelled up from thelegs. Further the sympathetic 
chain may be excluded as being a possible afferent pathway. The only 
mechanism whereby shivering was produced depended therefore on some 
alteration in the state of circulating blood. There is no evidence to 
suggest that this alteration was of a chemical nature and the fall in 
internal temperature was so striking and so constantly associated with 
shivering that it was believed to be the causative factor. 

If a fall in blood temperature is the effective stimulus to such 
shivering as was produced here, a consideration of the possible sites of 
action has to be undertaken. These possible sites are: (1) Directly on 
muscle; (2) directly on spinal segments; (3) on temperature endings 
originating impulses to be conveyed toa “centre”; or (4) a “centre”’ 
itself without an afferent nervous pathway. 

The first and second possibilities are excluded by the fact that 
paraplegics do not shiver below the level of the lesion. The impulse to 
shiver must be dependent upon a mechanism higher than the spinal 
level, and shivering is not an intrinsic response of muscle to cooling 
blood. 

_ There remain two ways in which such a falling blood temperature 
may act through the medium of the nervous system: (a) Ona centre 
in the brain sensitive to temperature change; (b) on thermal endings 
remaining in communication with the entire nervous system. 

The proof of either hypothesis was beyond the limitations of the 
material at our disposal. The following fact, however, may be of 
importance. It was easy to make the case of cordotomy shiver above 
the sensory levels. If the skin endings were in reality the afferent end 
of a reflex pathway, the motor expression of which was shivering, it is 
natural te assume that the greater the area of intact skin the easier it is 
to make the individual shiver. In the case of the patient with cordo- 
tomy,the intact skin area was confined to the head, neck, arms and 
shoulder girdle regions, but he shivered as readily and as intensely as 
did the normal individual. ‘This piece of evicence is against the second 
hypothesis. The same argument holds as evidence against endings in 
situations other than in the skin being the effective afferent end of the 
shivering arc. If the direct stimulation of a ‘“‘centre”’ cannot be 
admitted, then a separate thermal receptor in the brain or in a situation 
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unaffected by any of the lesions in the present series, has to be postu- 
lated. In spite of the doubt about the exact nature and site of operation 
of the effective affector stimulus, the existence of a “ centre ” higher 
than the spinal level must be inferred. No attempt is made to localize 
that “centre” directly because we have no evidence pointing to its 
primary involvement. Certain deductions may be made by argument 
from the results obtained. . 

Shivering occurs on both sides when the pyramidal tract has suffered 
insult. The amount of shivering in respect of excursion of the tremor 
is, if anything, & little greater on the hemiplegic side. Shivering occurs 
apart from pyramidal tract integrity. Shivering in a patient with cere- 
bellar disease is strikingly modified to a choreiform tremor. It is natural 
to conclude that such a modification indicates some dependence of normal 
shivering upon intact cerebellar pathways. 

In one case there was a lesion of the thalamus; the J of the 
lesion was confirmed by X-rays which showed a calcified mass in the right 
thalamus. When this patient was made to shiver there was no deviation 
from normal appearances and there was no difference between the tremor 
on either side. The further observations on hemiplegic patients with 
definite thalamic signs showed normal shivering to the usual stimuli. 
These findings point to the shivering mechanism being independent of 
the thalamus. 

Most instructive is the case of cordotomy in which there was no 
shivering below the level of the lesion. In this case the absence of 
shivering must be due to interruption of spinal pathways. Physical 
examination revealed that there was interruption of the spinothalamic 
pathways and some interference with extrapyramidal tract conduction. 

Absence of shivering cannot be accounted for by the interruption of 
spinothalamic pathways since there is no deviation from normality so 
far as shivering 1s concerned when there is thalamic disease. The slight 
interference with pyramidal path conduction is not adequate as an 
explanation because it has been shown that shivering occursewhen the 
pyramidal pathways have been interrupted. 

Interference with cerebellar pathways’ cannot be held responsible 
because there was no shivering, whereas it has been seen that shivering 
of an abnormal type occurred when the cerebellum itself was diseased. 
The only pathways left to consider are the extrapyramidal such as the 
tectospinal and rubrospinal. These tracts descend in the spinal cord in 
areas which would be sectioned by cordotomy. “We may, therefore, 
conclude that they constitute the pathway by which the impulses of 
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shivering (originated in the brain-stem either directly or indirectly by 
the falling blood temperature) reach the muscles. 


SUMMARY. 


A method is described of inducing shivering constantly in normal 
subjects. 

The relationship between the onset and cessation of shivering to 
rectal temperature change is discussed. 

Cases with manifest disease of the central nervous system were 
made to shiver and the responses observed. 

From the investigations it has been shown that shivering, as 
produced by the constant method described, is independent of pyramidal] 
thalamic and cerebellar integrity, although the type of tremor produced 
is modified by cerebellar dysfunction. 

The conclusion is reached that the effective stimulus is a falling 
blood temperature acting directly on a “ centre ” or on a thermosensory 
mechanism capable of stimulating the shivering “centre.” The down- 
ward pathway from the “centre” is by exclusion shown to be an 
extrapyramidal pathway, either the tectospinal or rubrospinal. 
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NOTH ON THE NATURE OF THE MOTOR DISCHARGE 
IN SHIVERING. 
BY D. DENNY-BROWN, J. B. GAYLOR, AND V. UPRUS.'! 


(From the Research Unit, National Hospital for Nervous Diseases, Queen Square, 
London.) i 


THe rapid fluctuations in the muscular contractions of shivering 
appear to the eye to vary in speed from relatively slow contractions to 
rapidly repeated shaking closely resembling the clonus of spastic muscles: 
The character of the movement changes from time to time and from 
place to place in the limbs. To seek more closely for. any relationship 
between the character, location and intensity of the movements in 
different regions we have recorded them from jaw, thorax, biceps 
brachii, and quadriceps femoris, concurrently. For this purpose a small 
light balloon was attached between the teeth, others over the belly of 
biceps brachu and quadriceps, where they were held by a piece of 
adhesive strapping to the skin over the remaining ‘belly of the muscle, 
and a band around the thorax at the level of the nipples compressed also 
a further balloon. The pressure within each balloon -was registered 
optically by manometer and mirror and recorded on a moving strip of 
bromide paper. In three experiments the action currents of biceps 
brachii or quadriceps were also registered on the same strip of paper. 
Shivering was induced by rapidly cooling the right upper and lower 
limbs by ice water after the subject had been warmed until sweating had 
occurred. The left limbs, from which the records were made, were 
rested in a natural posture of semi-flexion. 

As the body temperature falls the first indication of onset of ‘shivering 
was usually an isolated twitch of the masseter, on one occasion of the 
whole thorax. ‘This preliminary twitch is followed by others at very 
variable intervals of 0°2 seconds to 1°6 seconds. The first onset may be 
a small series of three or four twitches rapidly repeated. If the 
shivering be gradual in onset, presumably from slower fall of temperature, 
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these single twitches occur in one muscle or another for many seconds 
before the next change occurs. In one or other muscle, usually first in 
the masseter, series of such twitches are repeated rapidly at rates from 4 to 
6a second for a period and such bouts of clonic twitching then gradually 
increase 10 length (figs. 1 and 2). At this time the twitching in the 
upper and lower limb continues to be single or in sparse groups (fig. 1). 
The shivering at this and later stages can be caused to cease immediately 
in dny particular muscular group by voluntary contraction of that group 
(figs. 1, 2 and 3). It can also be ceased by voluntary restraint, not 
necessarily but usually with some slight bracing of some part of the 
body and cessation of respiration (fig. 8). Passive movement of a limb 
lessens the movements of that limb, but complete voluntary relaxation 
is difficult if not impossible to maintain during this procedure. 

As the twitching becomes fused into clonic outbursts in each muscular 
group the respiration becomes irregular, with periods of apnoea. At this 
time one or other muscle may still continue twitching. 

The intensity of shivering in any particular muscle group, together 
with the time of onset of shivering, appear to be related mainly to the 
amount of other contraction present. A muscle completely at rest 
shows early twitching and early fusion of twitches. A maintained 
posture, however slight, delays the onset of shivering. 

A voluntary movement in the more intense stages of shivering is 
followed by greater outburst of shivering in the muscles concerned 
(figs. 2 and 3). Similarly 4 deep breath is accompanied by partial or 
complete subsidence, and followed by increased shivering for an interval 
(fig. 4). As the intensity increases the respiration deepens and the 
periods of apnoea lessen so that regular breathing is reasserted. The 
periods of clonic twitching increase in length, and the intervals shorten, 
until one or other muscle commences continual repetitive clonic 
movements at the rate of 4 to 6 a second (fig. 3). 

The twitching, and the periods of rapidly repeated clonic contraction 
are not cpincident in time in any two of the sites examined. The rate 
of rapid beating varies from time to time in any one muscle group, and 
when two are beating concurrently there is no correspondence in their 
rates (figs. 5,6, 7 and 9). The smaller muscles usually contract more 
rapidly, and movements at the hip and shoulder are slightly slower than 
in the jaw or distal joints of the limbs. When recovery occurs after the 
voluntary suppression of severe shivering the commencement of the 
clonic movement is also independent in each muscle, both in time and 
in frequency (fig. 9). When all the musculature is affected, however, 
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there occur intervals when the clonus of many muscular groups becomes 
synchronous for periods of at first one or two seconds and later for 
longer. This appears to be the maximum development of shivering, & 
“shuddering ” movement of the trunk and limbs. It will be observed, 
however, that even here some groups, for example, the closing muscles 
of the jaw in fig. 6, remain independent in rhythm. At this stage the 
subject has the greatest difficulty in abolishing the movement by effort 
of will. Richet [2], in discussing the maximal rate of repetition ĉon- 
traction in muscle, stated that the rate of tremor in shivering was about 
10 to 11 beats a second, and did not exceed 18 a second. We have not 
encountered rates as high as this, slightly over 6 beats a second being 
the highest observed frequency. 

The action currents of shivering movement, as recorded by a 
Matthews oscillograph, reveal single diphasic waves for many of the 
first twitches, with the early appearance of small groups, in some of 
which identical wave forms are repeated at intervals of one-twenty-fifth 
second, suggesting that the slightly longer twitches are small tetanic 
contractions. These become brief tetani of three-fifths second to one 
second duration. For long intervals the discharge may now become 
sparse but regular, as in slight postural tone. Gaps in this discharge 
corresponding to the beats of concurrent clonic contraction in other 
muscles occur only when the generalized shudder occurs (fig. 7). 
Sooner or later the action currents become grouped into dense volleys 
separated by quiet intervals, corresponding to the regular alternation of 
the clonic beats (fig. 6). In each such beat complete fusion of the action 
currents into one large electrical variation was not at any time seen, a 
feature which is in sharp contrast to the electromyogram of the reflex 
clonus of spastic muscles. The general appearance of each outburst in 
any one muscle in shivering suggests strongly that there is rapidly 
repetitive discharge in each motor unit for each beat, rather than that 
single impulses in each fibre group were out of phase in each volley as in 
reflex clonus. 

We have recorded reflex clonus in the lower limb of two patients 
suffering from a spastic paraplegia, concurrently with the outbursts of 
shivering in the upper limb and mandible. We were unable to demon- 
strate any interruption or change in type of the clonus in the lower limb. 
Voluntary contraction converts the clonic discharge of shivering into a 
continuous one, without any stage in which the voluntary contraction 
itself becomes clonic, as occurs in the presence of reflex clonus. The 
clonus of shivering and that resulting from damage to the pyramidal 


236 ORIGINAL ARTIOLLS AND QLINICAL CASES 


tract differ, therefore, not only in the nature of discharge, but in relation- 
ship to cold and to voluntary movement. 

The suppression of shivering by voluntary effort is not always 
accompanied by contraction in the shivering muscle, and the action 
currents may cease completely as in fig. 8. The subject feels that he 
achieves the cessation by a general relaxation, and the effect may be 
purely inhibitory. Nevertheless, cessation of respiration occurs, and 
this probably indicates some contraction of the musculature of the 
trunk. ; 

The myographic characteristics of the type of shivering brought 
about by rapid cooling of the skin surface, therefore indicate a move- 
ment which has independant development in each muscular group 
concerned. This independance affects both the manner and the time 
of development, and would suggest a local segmental mechanism for its 
production. The experimental investigations of Sherrington [3] have 
demonstrated the limitation of shivering to the headward segments of 
the dog with spinal transection, both in response to lowered blood 
temperature and to direct cooling of the skin of the segments concerned. 
Our experience with patients suffering from transverse lesions of the 
spinal cord has also convinced us that the central control of shivering 
is cephalic. The movements of the panniculus resembling shivering 
which were reported by Goltz [1] to occur in the isolated segments of 
the spinal animal in response to direct stimulation of the skin by cold, 
have not been obtained by others [2,3] despite careful research. There 
therefore appears to be no basis for the assumption that shivering can 
occur as a segmental spinal reflex. At a stage of high intensity the 
rhythm of shivering becomes identical in almost the whole musculature, 
and this “‘shuddering’’ necessitates the presence of a co-ordinating 
mechanism to secure the identity of the rhythm in widely-spaced parts. 
The independent manner in which the movement develops in each 
muscular group therefore has more probable explanation in the varying 
states of, the spinal motoneurones brought about by voluntary and 
postural factors, and affecting at each the manner in which discharge 
occurs in response to one cephalic nervous mechanism. Just as a 
strained posture of a limb results in delay in the appearance of the 
movement in that limb, so slight differences in posture combine with the 
discharge of shivering so as to alter its rhythm, This change of rhythm 
does not occur to any obvious degree with reflex clonus in svastic 
muscles, but we maintain that shivering is a separate and distinct 
repetitive movement. The manner in which shivering gives way to 
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voluntary movement allows it to fulfil the requirements of promotion 
of metabolism without the necessity for particular posture or interference 
with willed effort. 
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DESCRIPTION OF PLATE. 


MYOGBAPHIO RECORDS OP SHIVERING FROM THE NORMAL BUBJEOT. 
All figures read from left to right. 


Fra. 1.—Shortly after the commencement of shivering, showing movements of the 
thorax (R), of closure of mandible (M), and of contraction of quadriceps extensor (Q). The 
twitching has already fused into small series in the mandible, while more isolated twitching 
is still ocourring in quadriceps. Between a and b the subject clenches the jaw voluntarily.» 
The time marking for such record has been stressed by a small black vertical line above the 
record at one second intervals. 


Fra, .2. -As fig. 1, thirty seconds later, showing periodio apnœa snd more continuous 
series of clonic twitching i in the jaw. From a to b the knee was extended voluntarily to order. 


"Fra. 3.—As figs. 1 and 3, thirty seconds later. Quadriceps now shows continuous fine 
olonus., From ø to b the knee was extended voluntarily, and from c to d the subject sup- 
pressed shivering py voluntary effort. 


Fra. 4. More rapid speed of recording. A vertical white line marks — one-fifth second. 
The broad dark horizontal line is the record of a Matthews oscillograph, recording action 
currents from quadmoeps. At the commencement of the record the su ject has just made 
an involuntary deep inspiration and as the respiratory recorder (R) returns to the record, the 
movements in the mandible (M) increase in amplitude, and a prolonged outburst commences 
at a two seconds later in biceps (B), with some clonic movement at the same rate in the 

toral muscles, seen as an alteration in the record from the thorax (R). The movement 
in the mandible ceases at b. At c a series of action currents in quate 8 extensor results 
from voluntary contraction. Their continuity is not anega by the BERA of contraction 
in biceps at d. 


- Fig. 6.—As fig. 4. An outburst of shivering in biceps (B) and peotra (R) occurs during 
a slower rhythm of flexion at the hip (Q) which was recorded indirectly by the balloon over 
quadriceps. There is no contraction at this time in quadriceps. 


| Fa. 6. —Record as fig. 4. Showing the ste (Ml) ot ble of clonic discharge in quadriceps 
ith independent outbursts in the mandible and biceps (B), with coincidence of the 
rhythm in biceps, pectorals and quadriceps — a to.b with ai “ shuddering.” f 


Fia. 7.— Records as fig. 4. Bhowing a more tonic type of contraction in quadriceps (Q), 
` with some grouping corresponding to an outburst in biceps braohi: between a and b. 


Fic, 8.—Records as fig. 4. Voluntary suppression of discharge commencing at a. 
Fiqa. 9.—During the reoommencement of discharge ten seconds after fig. 8. 
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TRE DISSOCIATION OF CORTICAL EXCITATION FROM 
CORTICAL INHIBITION BY PYRAMID SECTION, AND 
THE SYNDROME OF THAT LESION IN THE CAT. 


. BY SARAH B. TOWER. 
(Department of Anatomy, Johns Hopkins University.) 


EXPERIMENTS on the motor cortex, such as stimulation or ablation, 
have commonly been interpreted in terms only of excitation or destruction 
of the cortico-spinal neuron. This practice Dusser de Barenne’s (1934) 
recent work on laminar thermo-coagulation of the cortex seems to 

justify. Yet clinical neurology has persistently emphasized differences 
between the effects of cortical lesion and lesion of the cortical projection 
paths. True, these are more clear-cut on the sensory side than on the 
motor in the discrepancy between the thalamic syndrome and that of 
the somesthetic cortex. Yet even on the motor side cortical and 
subcortical lesions, both involving the pyramidal tract, are certainly not 
equivalent. Nor is this to be expected. Obviously the cortical lesion 
entails destruction of a multitude of longer and shorter association 
neurons, together with the projection neurons. Moreover, the projection 
neurons are by no means a single tract, as Poliak’s (1932) recent studies 
again show, but have supra-segmental as well as segmental destinations. 
Furthermore, the Betz cell neuron is not itself a simple cortico-spinal 
neuron, but a complex structure sending off collaterals at the level of 
the pons and perhaps into the corpus striatum. According as @ lesion 
of the pyramidal system destroyed such pre-spinal projection neurons 
and collaterals or left them intact, its effects might well differ. With 
these considerations in mind the present research was designed, first, to 
evaluate the consequences of lesions of the pyramidal tract below its last 
large swpra-segmental connection to the pons, and then to determine 
the activity of still surviving supra-segmental projection neurons and 
cortico-spinal collaterals by comparison of the effects thus produced 
with the familiar results of a cortical lesion, and by electrical stimula- 
tion of the motor cortex after degeneration of its segmental projection 
tract. 

MATERIAL— PROCEDURES. 

Ten adult cats in which the right pyramid had been cut at the 

level of the trapezoid body provided the material for study. Under 
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ether anesthesia a ventral approach along the lateral wall of the 
pharynx exposed the occipital bone between the bulle tympani and the 
edge of the foramen magnum. Through a hole in this bone, 8 or 
10 mm. long and half as wide, the dura and pia were slit, the basilar 
artery retracted to the left, and a fine knife inserted exactly in the 
mid-line, at the mid-level of the trapezoid body and to the estimated 
depth of the pyramids. The cutting edge was then rotated to face the 
right pyramid, and the lesion made by drawing the knife upward In an 
arc to its lateral edge, visible as a deeply mayked groove containing a 
small vein. To ensure the completeness of the lesion, the knife was 
then inserted at this lateral border and swept over to the mid-line. 
The operation was virtually bloodless at all stages. The animals made 
a remarkable recovery, showing neither shock nor excessive excitement. 
Inan hour or less they could run and jump and behaved, except for the 
specific effects of the lesion, as any cat subjected to anmsthesia for forty 
minutes. The only post-operative complication was a transitory 
difficulty in swallowing. i 

Of the series of 10 cats 5 were killed at three — 3 in the sixth 
month and 2 at the end of a year. Four of these last 5 were subjected 
to secondary ablations of the motor cortex of one side some time before 
death. In all the animals but one the motor cortex of each side was 
thoroughly explored electrically either just prior to ablation or to death, 
or at both times. After death by ether the vascular system was flushed 
with salt solution and the material fixed by the intra-aortic injection of 
Miiller’s fluid. The brain and cord were removed to Miller’s fluid and 
later examined by the Marchi or Pal-Weigert method as required. 

Examination of the brains before removing the specimens showed 
that all the lesions had been correctly placed over the trapezoid body 
and had completely severed the right pyramid without injuring the 
left. In one animal the brain had herniated into the bone defect. 
With lesions of months’ standing the right pyramid was reduced to 
a flat strand below, while the left remained of normal size unless the 
left motor cortex had also been removed. The shrinkage following 
cortical ablation did not, however, in any case equal that resulting from 
the lower lesion. 


OBSERVATIONS ON THE LIVING ANIMALS. 


The functional deficit of pyramid section.—One description will 
suffice for the series of cats, for with one exception all elements of the 
syndrome were demonstrable in every animal at all times, from two 
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hours after the operation throughout the survival period, even to a year. 
The effects of the lesion were appreciable only in the contralateral limbs, 
the axial musculature escaping except for a transitory deviation of the 
tail to the normal side. Homolateral symptoms were totally wanting. 
The lesion disturbed the normal balance of flexion and extension in 
progression, the fore and hind extremities being used stiffly with little 
or none of the characteristic triple flexion. Consequently the animals 
limped, for a time the toes on the side of lesion dragged, and either as an 
integral result or in compensation a circumduction of the hind developed, 
resembling that of a hemiplegic man. In running and jumping the 
stiffness was frequently so great as to throw the animal towards the 
normal side. Accompanying this stiffness was weakness, unmistakable 
during the first few days as a tendency for the affected limbs to give way 
as the body’s weight came to rest on them; and later, apparent only as 
the animals stood at rest, in a “ knuckling under,” agit were, of the fore- 
leg at the wrist, suggesting imperfect fixation at this joint. 

Corresponding” defects appeared in posture. A normal cat held in 
the air by head and tail extends all four extremities, or when suspended 
by the hind or fore legs it extends those left free. The cats with 
unilateral pyramid lesions likewise extended the free legs equally on the 
two sides. But given support for the back, or when held in the air 
somewhat longer, flexion supervened in normal limbs, while those 
affected by the lesion remained extended. This occurred too when the 
animals were slung in a hammock in the upright position, the legs being 
thrust through holes. Extensions was often retained even when the 
animal had begun to climb out, a procedure invariably initiated by the 
limbs of the normal side. 

With the cat lying quietly supine on lap or table this sequence was 
again repeated ; an extension, initially symmetrical, became asymmetri- 
cal through flexion of the normal legs. From a few seconds to as long 
as ten minutes were required for the difference to mature, and the 
quieter the animal the slower its development. In this posture in which 
the animals were comfortable, a feature of the maintained extension 
was its passive quality, which was obscured by the tenseness of animals 
held in the air. The flexion of the normal legs was active immedi- 
ately prefacing an attempt at righting or in general preparedness. 
These extremities opposed a correspondingly great resistance to passive 
extension while co-operating in flexion. In contrast, the behaviour of 
the affected legs was almost neutral, neither flexion nor extension being 
much resisted, and flexion, once passively imposed, was commonly 
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retained. The apparent hyper-extension of the crossed limbs thus 
appears a8 & normal extension abnormally prolonged because of a 
deficiency in flexor activity. : 

In postural reactions in the more precise sense, as studied by Magnus, 
Rademaker and others, the selectivity of the defect for certain flexor 
activities was again exhibited. For example, in the “Sprungbereitshaft” 
of Magnus the downward thrust of the legs of an animal dropped 
suddenly through space was executed equally on the two sides in the 
presence of unilateral pyramid section, but the flexion which terminates 
this extension if the descent be halted in mid-air was lacking in the 
crossed limbs. Again, as an animal was slowly lifted from a surface, a 
leg lacking cortico-spinal innervation lost contact first, not from any 
deficiency of extension, which was symmetrical, but because certain small 
movements which operate continually to keep the normal foot in the 
best position for contact were wanting. The larger flexion which 
. follows, in a normal leg when contact is finally broken, and which is 
sometimes clearly aimed at placing the foot on the nearest object, was 
also wanting. 

Analysis of the defect in these two instances brings clearly into view 
what was suspected in the initial study of posture and gait. The basic 
postural mechanism of extension is intact, symmetrical and not over- 
active, but a large group of preparatory and terminal movements, 
movements of adjustment and correction, largely flexion, are diminished 
or wanting. The absence of these produces the abnormalities of posture. 
These movements all partake of the nature of placing reactions. Further 
study was pursued along the lines laid down by Bard (19338), and his 
analysis of the cortical control of the placing and hopping reactions was 
used as a standard against which to assess the effects of subcortical 
lesions on the same mechanism. 

Of the five placing reactions described by Bard, only four were ex- 
amined in the presence of pyramidal lesions. These were: (1) Placing 
of the feet in response to contact of the dorsum of each with a table 
edge; (2) replacing the fore or hind feet after they have been thrust 
over a table edge; (8) replacement of a leg passively abducted; and 
(4) placing of the fore-feet on the edge of a table when the chin of 
the animal is brought to rest upon it. The fifth reaction, placing in 
response to stimulation of vibrissss, which necessitates the enucleation 
of the eyes, was omitted in favour of the visual placing reaction described 
by Bard and Orias (1933). The hopping reactions were also studied ; 
these .were elicited by horizontal displacements of the animal's body 
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through space, either backward or forward or from side fo side, as 
corrective movements to keep the extremities which must be in contact 
with the table directly under the body. _ 

Before proceeding to describe the deficiency in these reactions 
following pyramid lesions, it may be pointed out that the first three placing 
reactions and the hopping reaction are elicited by stimuli from below the 
level of the lesion, and largely from the leg concerned. The chin-on-table 
reaction and visual placing, on the other hand, originate above the level 
of the lesion. Hence, inadvertent sensory destruction, in particular of 
the medial lemniscus, may interfere with the former reactions, but not 
with the latter. 

In this study, as in Bard’s, defect in the placing reactions appeared 
first as clumsiness of gait and oddities of posture. In ranning the paws 
turned under, or the legs slipped to the side, front or back. In standing 
or sitting the legs likewise slid out of position, the fore and hind limbs 
often scissoring. Such abnormalities were uncorrected. Examination 
of the special placing reactions showed that the entire group was 
gravely impaired. The first reaction, that to contact of the dorsum of 
the paw with table edge or finger, suffered most, being virtually extin- 
guished. If, however, a proprioceptive stimulus were added to the tactile, 
by moving the animal horizontally to the table until the extended limb 
was passively displaced, à reluctant placing could generally be obtained, 
at least after the first days. The amount of passive displacement 
required (measured with a protractor) decreased progressively during 
the first month or two, and in one animal up to the fourth month after 
operation. But finally a threshold was established, between 20° and 
60°, which remained fairly constant for each animal under standard 
conditions of examinations (animal quiet, unfatigued, in good health, 
and weather not too hot). This represents the only quantitative data 
on recovery obtainable in these experiments. The remaining three 
cutaneous-proprioceptive placing reactions had to be recorded only as 
present or.absent. Under the so-called standard conditions of examina- 
tion they were almost invariably absent, the chin-on-table reaction 
equally with those originating in the limbs. After the first week or so, 
by making the animal angry or excited, all three reactions could be 
brought out, though always sluggishly and clumsily compared with the 
normal, Fear, on the contrary, suppressed these reactions, even in 
normal animals. 

The hopping reactions followed the course just described in that after 
a brief period of complete depression they made a variable, and indeed, 
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somewhat better recovery. After a time, usually a month or two, their 
condition became stationary with a result which differed from animal 
to animal, chiefly owing to differences in temperament. At best the 
recovery was imperfect, wide and uneven spacing of the steps remaining 
as permanent evidence of the lesion. Moreover, this recovery was not 
stable, for hot weather, illness or subsequent operation immediately 
brought about a return to the previous state. 

The condition of visual placing presents an interesting problem, or, 
as Bard and Orias (1933) have shown, this reaction survives ablation of 
the sensorimotor cortex and is abolished by removal of the area striata. 
Section of the pyramid greatly reduced it. Indeed, with both fore-legs 
free the normal only was placed. Only if the normal limb was restrained, 
or the animal excited and eager to escape to the table, was the leg 
affected by the lesion brought into play. This effect of the lesion on 
@ reaction using corticifugal pathways other than those from the motor 
area does not, however, necessarily reopen the question of the origin of 
the pyramidal tract, which Holmes’ and May’s (1909) Nissl studies, on 
cats among other animals, showed to be co-extensive with Betz cell 
distribution in the cortex. The effect of the lesion on the excitability of 
spinal centres, which will be analysed later, offers a simpler explanation 
of this result. 

Examination of placing and hopping does not, however, exhaust the 
functional defect from pyramid lesions in cats. There remains a general 
deficiency of usage of the limbs quite outside these reactions, the full 
extent of which has probably gone unappreciated, but which was 
unmistakable in the animals’ two most characteristic activities, namely, 
pawing induced by curiosity and the clawing of anger. Both these 
activities were permanently diminished on the side opposite the lesion. 
Indeed, when both legs were free, the preferential use of the normal was 
so great that only excitement brought the other into play. Then, how- 
ever, its execution was indistinguishable from the normal. In this 
general deficiency of usage the flexor and extensor elements in movement 
suffered together, though not equally. ` 

Such further consideration of the effects of a pyramidal lesion in 
terms of defective or lost unit reactions still fails, however, to reveal 
one common aspect of the movements effected which the condition of 
the scratch reflex immediately after operation brought into sharp relief. 
One animal showed this especially well. She had an ulcer behind the 
left ear and prior to operation scratched it freely using the left hind-leg. 
When this was attempted after operation, the leg was brought up into 
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the extended position well if somewhat stiffly, but the series of alternate 
flexions and extensions which would have effected the soratch presented 
difficulty. In several trials nothing but the most trifling flexion could 
be attained.” Finally, after the-right hind-leg had been requisitioned 
without relief, the first three or four movements were executed, and 
thereafter the series followed with increasing ease and range. Clearly, 
the postural element of the reflex was intact, and only its phasic element 
impaired. This is true of other movements, for, whether in gait or 
in placing or hopping reactions, or in the more complex activities of 
pawing and clawing, the movement lost is phasic in character. The 
tonic or postural activities survive, neither impaired nor exaggerated, 
but apparently quite normal. 

That the results of pyramid lesion are not complete, but partial loss of 
function should now be clear. In the case of the scratch reflex, just cited, 
the phasic movements were finally executed wken relief was not obtain- 
able in any other way. Likewise, in placing and hopping, pawing and 
clawing, if the stimulus were of sufficient intensity or imposed upon 4 
background of sufficient general excitation the reaction followed. Con- 
versely, general depressing factors, such as illness or hot weather as 
well as the specific inhibition of fear, suppressed all the reactions under 
consideration, even on the normal side. Whether a given reaction was 
obtained or not became in final analysis ẹ matter of summation of 
excitation and inhibition at the final neuron. 

The attempt will now be made to analyse the effects of unilateral 
pyramid section at this level. One set of reactions was particularly 
useful in this analysis. This was the reflex flexion which a normal cat 
gives as threshold response to pricking a paw pad or pinching the tips 
of the toes, which is atténded in the fore-legs by blinking of the eyes. 
Severing one pyramid permanently increased the strength of stimulus 
required for the flexor response on the opposite side. Indeed, this was 
the most stable sequel of the lesion. However, the operation spared the 
cortical facial innervation, and conserved the normal low threshold for 
blinking on stimulation of either fore-paw, although with this strength of 
stimulation only the normal leg flexed. Certainly no sensory defect is 
involved here. The only interpretation is that the flexion reflex, the arch- 
type of spinal reflexes, is normally under reinforcement from the cortex. 
In the words of the Sherrington school the cortex, via the pyramidal 
system, contributes to the central excitatory state of the flexor moto- 
neuron pool, probably continuously, but perhaps only at the moment of 
elicitation of the reflex. By this much the excitatory state which must 


THE DISSOCIATION OF CORTIOAL EXCITATION 245 


be built'up by incoming volleys of sensory impulses is diminished and 
threshold held low. Pyramidal lesions, by eliminating the first source of 
excitation on the opposite side necessarily increased the amount of 
afferent stimulation required for the reflex. Comparison of the myotatic 
reflexes of flexor muscles on the two sides showed a like inequality of 
threshold. -Ihe widespread flexor and abductor responses obtained 
bilaterally from a single stimulus, as percussion over the sacral spines, 
were commonly weaker on the side affected by the'lesion. Clearly, then, 
the spinal flexor mechanism had suffered a general loss of excitation 
which impaired any action utilising it. 

This effect of pyramidal lesion on the flexor centres of the cat’s cord 
is obviously commensurate with the large flexor representation in the 
cat’s cortex, as revealed by electrical stimulation. Similarly, then, the 
spinal extensor centres might be expected to suffer a small loss of 
excitation in proportion to the meagre cortical representation of exten- 
sion. This was not demonstrable. To casual inspection indeed, the 
contrary condition of increased excitability seemed to result. But the 
hyperextension pervading movement and posture has already been 
resolved into an ordinary degree of extension, inordinately maintained. 
The lack of excessive rigidity in this extension, as gauged by the 
resistance opposed to passive flexion, has been pointed out. 

No good superficial extensor reflex could be found for study, and 
even the myotatic reflexes, with the exception of the knee-jerk, proved 
difficult to standardize. With the knee-jerk, however, consistent results 
were obtained throughout the series of animals, and for the duration of 
the experiments. On the side affected by the lesion the reflex was 
larger and longer enduring than on the normal side, and occasionally 
this leg retained a residue of the extension. Yet if the animal relaxed 
during examination the difference between the sides diminished, until 
_ on the verge of sleep the jerks became symmetrical, and both of the 
loose type previously characteristic of the side opposite the lesion. 
Clearly, the original difference between the sides was due to the opera- 
ation of active flexion in checking the normal jerk and the lack of such 
flexion on the incompletely innervated side. Certainly the contralateral 
spinal-extensor centres were not depressed. The occasional tendency to 
retain extension after the knee-jerk might again be taken as evidence of 
the opposite state. But the lack of clonus in the post-operative 
syndrome and of a clasp-knife phenomenon, indeed the conspicuous 
absence of all signs of spasticity, together with the very moderate 
resistance opposed to passive movement, sufficiently demonstrate that 
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severing the pyramid had not increased the excitability of the spinal- 
extensor centres as does the hemiplegic lesion of man. 

The failure of the extensor centres of the cord to be appreciably 
depressed by section of the pyramid is not surprising, for the methods 
of testing were crude. Indeed, the weakness and poor joint-fixation 
previously alluded to may be this' depression in another aspect. On the 
other hand, the failure of the lesion to reproduce the hyper-excitability 
of the extensor mechanisms, which is the basis of spasticity in the 
hemiplegic condition of man, involves other considerations. These may 
more profitably be pursued after the evidence from cortical ablation and 
stimulation has been presented. ` 

Having raised the question of a possible contribution of sensory 
disturbances to the total functional defect, the measures taken to 
evaluate this complication may be briefly discussed. The selection of 
the trapezoid body as the level of lesion was dictated by the desirability 
of interposing an indifferent structure between the lesion and the 
presumably deepet-lying ascending tracts. 

To get a measure of the effect of proprioceptive lesions, the right 
posterior column was cub in the first cervical segment in two animals, 
and these were studied by the same methods as the animals with severed 
pyramids, one of them for a year. Pal-Weigert preparations confirmed 
the completeness of the latter lesion. The consequences of this opera- 
tion for the placing and hopping reactions, and for posture in general, 
resembled in kind the effects of section of the pyramid, but were less in 
degree; the same general deficiency in the use of the legs appeared. 
With the passage of months, however, only a preferential use of the 
incompletely innervated extremities in placing, hopping, pawing and 
clawing remained to indicate the presence of @ lesion. Certainly, 
therefore, the more lasting effects of the pyramid section may be ascribed 
to destruction of the descending pathway rather than to inadvertent 
injury to the ascending sensory systems, even one neuron higher up. 

The manifold and enduring losses of function following upon section 
of the pyramid may then be accepted as those of a cortico-spinal lesion. 
Whether expressed in terms of nnit reactions-—placing, hopping, pawing 
or clawing—which were found to be deficient, or in the more general 
terms of loss of excitation at the final common neuron, the full extent 
of the defect has probably gone unappreciated. As it stands, however, 
certain features characterize it. First, the effect on flexor and on 
extensor mechanisms is unequal, in conformity with their unequal 
representation in the motor cortex. Secondly, phasic movements are 
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impaired with the preservation of the tonic or postural. These results 
might both have been expected. On the other hand, the absence of 
spasticity, and indeed of evidence of release of any lower mechanism, is 
a notable feature in the syndrome, upon which the’ results of cortical 
ablation and stimulation throw some light. 

Secondary ablation of motor corter.—Six months after the original 
operation, when the resulting symptomatology seemed stationary; one 
motor cortex was exposed in four of the five still surviving animals, 
explored electrically and excised. In two animals the cortex removed 
was on the side of the original lesion, and after three weeks additional 
survival these were killed for Marchi preparations. In the other pair, 
the contralateral cortex was ablated. These animals were allowed to 
survive for six months, when they were then killed and examined by 
Weigert’s method. The objects of these ablations were chiefiy 
anatomical, e.g. Marchi preparations to check the completeness of the’ 
cortico-spinal lesion, and Weigert to reveal any admixture of fibres other 
than cortico-spinal in the pyramid. 

Study of the living animals after these secondary ablations was most 
suggestive. When cortical removal was superimposed on section of 
a pyramid,.there remained, after the post-operative exacerbation of the 
old symptoms had passed off, a slight but definite rigidity in the affected 
legs as & new contribution to the syndrome. When the new lesion 
was contralateral to the original one, the resulis were greater and more 
complex. At first, placing and hopping were improved on the side 
opposite the original lesion, and abolished contralateral to the cortical 
lesion. Later these reactions became equally deficient on the two sides. 
The gait, however, was not thus rendered symmetrical, for wider 
circumduction still distinguished the limbs affected by the pyramid lesion. 
The superficial reflexes and the flexor myotatic reflexes had high 
thresholds on both sides, whereas the knee-jerk and the positive support- 
ing reaction were more easily elicited and extension was longer maintained 
in the limbs opposite the cortical lesion. Even six months later, a lesser 
mobility of the extremities opposite the cortical lesion and a slightly 
greater resistance to passive flexion remained to indicate that the 
abnormality produced by the cortical lesion was in some way graver 
than that established by the subcortical lesion. To be sure, these 
experiments are few in number and the quality they deal with, namely 
spasticity, is a subtle one. In time the series will be extended. Yet 
inadequate as they are, the results of stimulation of the cortex lend them 
support and invest them with a significance sufficient to warrant their 
being put on record. 
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Stimulation of the motor cortez.—The motor cortex of both sides in 
all the cats but one was explored electrically, either previous to 
ablation or before the animal was killed. The extent of any previous 
cortical ablation was also checked by re-stimulation. The stimulating 
was performed under light ether anwsthesia, with a unipolar electrode 
delivering a 60 cycle sine wave current. The apparatus (designed by 
Mr. Myers) permitted determination of threshold in terms either of 
voltage or of current. Posture played a decisive ròle in the results. 
The first five animals were studied in the usual manner—back up, legs 
dependent. Thereafter the position was reversed and the stimulating 
done in that stage of ether ansesthesia which produces an extension 
simulating decerebrate rigidity. 

From the normal cortex the usual movements of the contralateral 
fore and hind legs were obtained, chiefly of flexion, but as progressively 
‘lighter anssthesia was induced, there was increasing bilateral and 
extensor activity. The responses in the face, eyes, tongue and jaws 
were initially bilateral. When the cats were in the supine posture, 
however, the threshold effect of cortical stimulation was not contraction, 
but a relaxation of any tonic or clonic extensor state present in the 
limbs—~gravity serving to demonstrate the relaxation. From 0°25 to 
0'5 volts more was commonly required to produce active flexion from 
the same point. In these circumstances the cortical pattern in the cat 
is constituted of points which are inhibitory to extension and excitatory 
to flexion, with the former possessing the lower threshold of activity. 
Extensor points are so few and unstable in the cat’s cortex and a flexor 
tonus such & rare state, that a corresponding investigation of extensor 
excitation and possible flexor inhibition could not be made. 

When stimulating the cortex after division of its projection path 
at the level of the trapezoid body, the position of the animal and the 
depth of anssthesia were all important. The first five routine stimu- 
lations demonstrated the preservation of the cortical facial and trigeminal 
innervations. And in one animal (No. 10) the lateral border of the anterior 
sigmoid gyrus gave a curious slow retraction and flexion of the opposite 
fore-limb, and that was all. On the other hand, the last four stimulations 
performed with the animal lying supine and with the legs tonically 
extended or in clonus, gave quite another result. For now from the 
presumably ‘‘ silenced ” sigmoid gyri, relaxation of the extensor tonus 
or clonus was obtained, and in a pattern corresponding to the fore and 
hind leg patterns of the normal cortex. But on increasing the strength 
of the stimulation this relaxation was not followed by flexion, as in the 
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normal, but only by more rapid or more enduring relaxation. The 
relaxation or inhibition of extensor tone thus obtained was never 
instantaneous. The limb did not flop, but gradually over many seconds, 
the rate depending both on the amount of the extensor tone and on 
the strength of the stimulus, the extended limb relaxed, but only while 
the stimulation was acting. Indeed, by applying and removing the 
electrode, relaxation could be made to proceed in a cog-wheel fashion. 
Moreover, against a strong extensor tonus or clonus, inhibition might 
last only for the duration of the stimulation and not always even for 
that, the extensor centres frequently escaping. Relaxation was obtained 
with equal facility from the normal cortex, and at a slightly lower 
threshold. In cat 13, for example, relaxation of extensor tone in the 
hind legs on the normal side occurred at 1°75 volts, and on the side on 
which the pyramid was divided at 2°0 volts. But the flexion which 
_ supervened on the normal side with any increase of stimulus above 
threshold limited the study of inhibition there to the threshold response. 
- Exploration of the cortex contiguous with the motor area, especially 
of the gyrus proreus and the entire convexity of parietal, occipital and 
temporal lobes, with voltage up to that producing generalized con- 
tractions, revealed no other region exercising this inhibition. The 
number of these successful stimulation experiments, like that of the 
ablation experiments, is few, but a second series of crucial experiments 
has already confirmed and amplified the original findings. 

The evidence assembled now seems to offer an explanation of the 
absence of spasticity, or of “‘release’’ in any form, from the syndrome 
of a pyramidal lesion, and also of the differences between the effects of 
section of a pyramid and of cortical ablation. Apparently, excitatory 
and inhibitory effects of cortical activity are dissociated, in large part 
at least, at some prespinal level. The excitatory component is then 
transmitted directly to the spinal cord along the cortico-spinal tract, 
while the inhibitory component must be relayed through prespinal 
centres, finally to reach the cord along other descending pathways. 
The small difference in the inhibitory threshold between the normal 
cortex and that on the side of pyramidal section may indicate that the 
prespinal dissociation was less than complete. The pyramidal section, 
by destroying the first excitor component which is largely flexor, 
produced the manifold deficit described, one aspect of which was 
uninterrupted extension. Yet by preserving virtually intact the second 
inhibitory component, the syndrome was kept free of evidence of sub- 
_ cortical release, as rigidity and spasticity. ‘These are the additional 
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contribution to the syndrome of cortical lesion when both components 
of cortical function are destroyed. 

Previous work, notably that of Graham Brown (1913), Weed (1914), 
and Cobb, Bailey and Holtz (1917) has dealt with pre-spinal inhibitory 
mechanisms of the cortico-ponto-cerebello-rubral variety and other 
work, Rademaker’s (1926) for instance, has shown that in cats, at least, 
the rubro-spinal tract serves inhibition to the cord. The augmenting 
influence of hemi-decerebellation on the excitability of the opposite 
motor cortex, first reported by Risien Russell (1894), likewise fits into 
the concept of a cortical inhibition exercised through the cerebellum. 
And certain aspects of cerebellar disease in man are in conformity 
with this view. Although the cortico-pontine collaterals of the pyra- 
midal system offer a possible anatomical pathway for such inhibition, 
the present study has, in fact, provided no evidence to indicate either 
“what pre-spinal course inhibition pursues, or whether systems of | 
collaterals, or of independent neurons, or both, deliver inhibition 
to the presumed pre-spinal centres. If multiple systems be used, as 
for instance a cortico-striatal system, a cortico-rubral and a cortico- 
ponto-cerebello-rubral, lesions at different levels in the brain-stem 
might well produce different syndromes. This would seem to be 
the case in man. If, on the other hand, only one system is involved, 
the results of brain-stem lesions should be simpler. Further analysis 
will be required to determine how the inhibition operates. Nor is it 
unlikely that the complexity of the mechanism may vary in different 
species. The present study provides a point of departure only in the 
study of cortical inhibition, in the demonstration that in part at least, 
and that a large part, this threshold activity of the motor cortex is still 
exercised after destruction of the cortico-spinal pathway below its last 
large supra-segmental connection. 


ANATOMICAL STUDY. 


The-central nervous system alone came under anatomical scrutiny. 
No contracture or atrophy developed in the skeletal musculature, nor 
disturbance in any other organ to give indication for further exploration. 
Investigation of the central nervous system was organized to determine 
the site and ‘extent of the descending degeneration which it was the 
specific aim of the original lesions to produce, and secondly, of the 
ascending degeneration which might be the concomitant of this. To 
determine the descending” degeneration sections were taken at the 
medullary level just below the trapezoid body, and from the C, and I4 
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spinal segments. Sections through the lesion and just above, or at the 
decussation of the pyramids, were sometimes examined too. In looking 
for ascending degeneration sections from the middle third of the pons 
and from other levels up to the thalamus were prepared in two animals. 
Standard Marchi or Pal-Weigert technique was used according to the 
post-operative survival time, and serial sections were cut at Lip. 

The descending degeneration (figs. 2 and 8) demonstrated the 
unilaterality of the lesions. With the exception of the animal in which 
the brain had herniated into the defect in the skull, and a tiny medial 
strand in one other brain, the degeneration was confined to the pyramid 
on the side of lesion. The lateral limit of the degeneration was also 
strikingly constant; only its depth varied. Just below the level of the 
lesion the disappearance of fibres from the pyramid was complete. 
More caudally, fibres and bundles of fibres appeared in the field of 
degeneration. These, seen best in Weigert preparations, swung In 
in arcs in the plane of section, obviously in the course of the strands 
sweeping down from the nuclei of the posterior column. In the lateral 
column of the spinal cord the now crossed degeneration reached the 
lumbar region in considerable density and throughout the cervical 
region scattered degenerated fibres were unmistakable in the right 
lateral column in the position of the pyramidal tract in cases in 
which the left pyramid was demonstrably intact. Descending systems 
other than the cortico-spinal were entirely free of degeneration. 

The ascending degeneration, on the contrary, involved several 
systems (figs. 1 and 2). In the cortico-spinal system retrograde 
degeneration varied considerably from a mere scattering of blackened 
fibres in the pons to a fairly dense degeneration, with traces up the 
brachium pontis on both sides. The anticipated destruction in the 
lateral lemniscus was fairly equally distributed to the two sides. In the 
medial lemniscus the degeneration, although variable, generally exceeded 
expectation ; it was bilateral, but much heavier on the side of lesion. 
And here it was traceable in diminishing density to the ventrolateral 
border of the thalamus (fig. 1). Thesmall crossed degeneration in the 
medial lemniscus may be ascribed to the strands of internal arcuate 
fibres which were seen swinging through the pyramid on the side of 
their origin, but the massive homolateral degeneration requires à more 
substantial basis. After removal of the motor cortex, the corresponding 
pyramid was far from depleted of fibres, as may be seen by comparison 
of the two sides in fig. 5. Yet at the cervical level the degeneration on 
the two sides were approximately equal. If the surviving fibres in the 
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one pyramid be those contributing the ascending degeneration to the 
lemniscus, as seems most likely, then the pyramid, like the cortex, is a 
mixture of the ascending and descending systems which are the afferent 
and efferent pathways for the same body of reactions. And the physio- 
logical controls in the sensory component assume increased importance. 
Yet the constancy of the descending degéneration stands in contrast 
with the variability of the ascending, to indicate again that the remark- 
ably’standardized syndrome of pyramid section must depend upon the 
correspondingly standardized motor destruction. 

More important to the argument developed in the physiological 
section of this paper, and based on the retention by the motor cortex of 
inhibitory activity while its excitor function is lost following severance 
of a pyramid, is the question as to whether the pyramid contains all the 
fibres of motor-cortical origin reaching its level. On this point secondary 
ablation of this cortex, six months after a pyramidal lesion of the same 
side, affords information. Deep to the pyramid, and extending lateral 
to it, is a field of fibres, chiefly the lemniscus with an admixture of 
fibres of cortical origin sufficient to give a new Marchi reaction. 
Many of these fibres are cortico-cerebellar, swinging back, even far 
caudally in the medulla, as Swank has described (1984). Occasional 
fibres were traced to the inferior olives. Still others went into the 
reticular formation, perhaps to cranial nerve nuclei. But none appeared 
to penetrate to the cord, not even in the specific instance in which ’ 
stimulation of the cortex had evoked a motor reaction in the fore- 
limb. In view of the fact that inhibition was equally effective on 
extensor states in the fore and hind limbs, and, after the conditions 
necessary for its demonstration were fully appreciated, quite constant 
from animal to animal, the occasional cortico-spinal fibre which may 
survive pyramid section, cannot be responsible for the inhibition so 
vigorously exercised by the cortex. 


COMMENT. 

Severing the pyramids is an experiment which has been tried 
repeatedly, from Starlinger’s (1894-97) early attempts on dogs to 
Barron’s (1934) recent work with rats, and Marshall's (1934), with cats. 
Marshall’s most recent paper has reviewed this literature in detail. 
The more rigorous standards now adopted in assessing the degree of 
recovery and of residual motor defect have made necessary this repetition 
of a simple experiment. That the standards are still imperfect is 
illustrated by comparing Marshall’s latest report with the present 
study. Further repetition of the experiment as knowledge of cortical 
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activity enlarges and means of testing improve, will, it is certain, 
demonstrate that the present observations are still imperfect. 

The main contribution of the present study to an understanding of 
the sequels of a lesion in the voluntary motor pathway is the discovery 
of the pre-spinal dissociation of the inhibition and excitation of cortical 
origin, with the destruction of the latter function, only, by section of the 
pyramid. A second contribution has also been made in the demonstra- 
tion that the effects of this pre-spinal lesion are in their entirety not 
transitory, but are probably permanent. On this, which is a funda- 
mental point involving the plasticity of the cortex, the present study 
departs most widely from the observations and conclusions of previous 
workers. Yet even so, Marshall’s (1984) recent study of the effects of 
lesion of the pyramid on the placing reactions foreshadowed this in the 
incomplete recovery found months after operation in some of his animals 
in certain aspects of their deficiency. The source of this discrepancy 
probably lies in the lesions produced, for the ten prepared for this study 
seem to be unique in their unilaterality and completeness. Certainly 
time was allowed in these for recovery beyond that permitted generally 
by previous investigators of such lesions. 

A year, or even six months, is a relatively long period in the life of 
a cat, yet for such a time each element of the original syndrome with 
one minor exception remained demonstrable. Recovery was quantita- 
tive and unstable. Certain original difficulties, such as dragging the 
toes, were overcome by circumduction of the limb. On the other 
hand, many specific reactions were depressed and the general usage 
of the limb diminished for the duration of the experiments. At the 
level of the final neuron the crude test of the response to pin prick 
showed, after the first few days, no further recovery in the raised 
threshold of the spinal flexor mechanism. Certainly the defect was 
easily compensated, either by increased strength of stimulation or by 
raising the animal’s general level of excitation. Highly organized 
reactions exhibited a large degree of spontaneous improvement. Yet 
the more carefully the fundamental defect was disentangled from the 
complex pattern of even the simplest action, the more stable did the 
syndrome appear, until ultimately in such analysis the irreparability of 
the physical lesion was expressed in the permanent disability of the 
living animal. 

SUMMARY. 

The right pyramid was cut at the level of the trapezoid body in ten 
adult cats, and secondary ablation of motor cortex was performed in 
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four cases. During survival periods of from three weeks to a year the 
animals were observed, and at some time the motor cortex of both sides 
was stimulated electrically. Subsequently, specimens of brain-stem and 
cord were prepared by Marchi or Pal-Weigert technique for studies of 
degeneration. 

The loss of function may be described either in terms of specific 
reactions such as placing and hopping, pawing and clawing which were 
lost or diminished ; or it may be expressed as a loss of phasic activity, 
chiefly flexor; or again it appears as a raised threshold of the spinal 
flexor centres. In any form, itis permanent. The extensor mechanisms 
of the cord are not appreciably affected. 

Secondary ablation of motor cortex adds to the syndrome of the 
pyramidal lesion a degree of rigidity, hitherto absent. 

Stimulation of the motor cortex demonstrates the retention there of 
inhibitory activity, with the loss of excitation, indicating a pre-spinal 
dissociation, in large part at least, of these two elements of cortical 
function. . 

Anatomical studies showed descending degeneration confined to one 
pyramid, with a large crossed and a small uncrossed component in the 
lateral columns of the cord. Ascending degeneration involved the lateral 
lemnisci of both sides and the medial lemniscus chiefly of the side of 
lesion. This degeneration of the medial lemniscus is ascribed to the 
commingling of ascending with descending fibres in the pyramid, making 
this like the corresponding area in the cortex, a sensori-motor system. 
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1.—INTRODUCTION. 


THE investigations of Hurst [19] have established that inefficiency 
in defecation commonly results from nervous diseases and is accom- 
panied by fecal accumulation in the rectum (dyschezia). The delivery 
of fecal material to the rectum in these cases is not functionally 
impaired. To the lack of sensation of desire for defecation and con- 
sequent absence of voluntary effort, Hurst attributes the greater part of 
the disturbance. Appropriate voluntary effort does not suffice to correct 
the defect. The mechanism by which the sphincter ani is normally 
induced to relax is notclear, and is commonly attributed to spinal reflex 
activity of some kind, possibly stimulated by movement within the 
colon [11], assisted by willed straining. The diminished tone of the 
anal sphincter consequent to lesions of the sacral innervation gives 
reason for the prevalent view that a spinal “ centre ” for defecation lies 
within the sacral segments, and that complete feecal incontinence in this 
type of nervous lesion results from loss of the sphincteric mechanism. 
Even in complete transverse lesions of the cauda equina, however, 
defecation has been observed to occur periodically with appropriate 
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further relaxation of the sphincter (“automatic defecation” 
and Balint and Benedict [3]). It is not known whether this is 
with the similar phenomenon observed following transverse lesio 
the spinal cord and then associated with evidence of rectal contractilit 
(Head and Riddoch [17].) The precise nature of the reflex activity of 
the sacral segments in relation to defecation and to the clinical tone of 
the sphincter ani is therefore confused and ill-defined. 

In the present study we nave attempted to define the activity. of the | 
rectum and anal sphincter in “automatic defecation,” and to analyse _ ae 
-~ the nervous control of the evacuating mechanism in conditions where ae 
spinal reflex activity is present, and in the normal subject. : 





Il.—MEtHOop. 

In each experiment a rubber balloon, which can contain 50 cc. of 
air before stretching of the rubber commences, was introduced within 
the rectum by digital manipulation so that its nearest portion lay over 
10 cm. from the anus. Its base was attached by rubber solution to a 
gum-elastic catheter of 4 mm. outside diameter, sufficiently rigid to 
prevent its curling within the rectum in the first 10 to 20 cm., and this 
junction of balloon and catheter was made with the wider distal end 
of the latter so that occlusion by kinking was less hable to occur 
(fig. 1B, d). This rectal balloon was moderately distended (30 c.c} to 
allow its complete unfolding before the experiment commenced. The 
catheter was attached at its outer end to thick rubber pressure tubing 
leading to a manometer. A second similar catheter with open end 
bound to the region of the neck of the balloon (fig. 1B, e) is arranged 
so that fluid may be run from a graduated reservoir into the space — 
between the rectal balloon and the sphincter (fig. 1B, f). This space, — oe 
for convenience of description, we term the “intervening segment.” A 
small glass chamber with fluid level, of the kind used for recording — 
vesical pressures (7), communicated the pressure of this fluid with the 
air in a second manometric system. = 

Having experimented with a variety of small balloons attached in 
various ways to the region of the catheters related to the anal sphincter, 
we found most satisfactory a balloon mounted on a small brass obturator _, 
(fig. 1A, at a and B at g) in such a way that the upper surface was 
solid and did not transmit rectal pressure. It was sufficiently rigid to 
ensure the apposition of the distensible rubber wall to the anal canal = 
with slight bulge above or below when distended, and with narrow — — 
(6 mm.) stem to allow the sphincter to close as much as possible when 
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the air space was not distended. The pressure of air within the 
sphincteric recorder was registered by means of its attachment to thick 
pressure tubing (fig. 1A, b) leading to a third manometer. 

The amount of distension of the rectal and sphincteric recording 
systems was regulated by the introduction of specified amounts of air 
within the system by means of a syringe. The pressures registered for 
particular quantities of air injected form the data from which graphs 
comparing different nervous states are derived. We were aware that 
the use of air as a medium for pressure registration means that the 
volumes of air are not absolute, owing to the smaller volume at greater 





Fie. 1,—Diagrammatic representation of the method of recording used. The sectional 
diagram A shows the construction of the recorder of pressures in the sphincter ani, A brass 
core with solid head has a thin rubber membrane a attached so that it may be distended by 
pressure applied through the tubing b. The diagrammatic section B shows the rectal 
balloon d, in place, with the additional catheter e attached to its neck and communicating 
with the space f (‘‘intervening segment’’). The recorder of sphincteric pressure is shown 
in place at g. 


pressures. The volume therefore does not increase in the linear fashion 
in which the results are graphed. The use of water media and indis- 
tensible membranes would be more ideal for volumetric estimations but 
has disadvantages in the rapid introduction of additional increments of 
distension. The factors involved in any mathematical representation 
of the tension at the circumference of an object of increasing circular 
diameter are of such complexity that we have relied upon the above 
more simple method, designed only to give some graphic representa- 
tion to phenomena which can readily be observed and controlled by 
clinical examination. 

Apart from some early experiments the patient lay upon his left side, 
but we found no distinct difference between the records in this posture 
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and those with the same patient supine. The movements of the abdomen 
were recorded by balloon applied to the epigastrium beneath a binder. 

The manometers used were of glass with thick rubber diaphragm, 
as used in our earlier work on the bladder [7], and the movements of 
the membrane recorded photographically by reflected beam of light. 

The human rectum is usually stated by anatomists to be 12 to 15 cm. 
in length, and terminates in the anal canal which is some 2'5 to 3°5 cm. 
in length. Dr. Hurst informs us that in sigmoidoscopic examination of 
the living the pelvi-rectal junction lies almost constantly only 11°3 cm. 
(4$ in.) from the outer extremity of the anal canal. The recorder we 
have used for the sphincter ani (fig. 1, A) in almost all experiments 
(where others were used in early experiments, this is mentioned in the 
text) has an inflatable portion 2°5 cm.in length. Its diameter when 
inflated until the rubber commences to stretch is 4 cm. Digital exam- 
ination of the anal canal in cases of cauda equina lesion reveals thdt 
the whole canal has sphincteric function, and, as will be related in the 
text, slow contraction may be observed in the surrdunding perineum. 
The rectal balloon was placed well beyond the sphincteric recorder, 
and often moved higher during the experiment. Owing to the varying 
diameter of the rectum we have made no attempt to occlude the passage 
with the rectal balloon, and fluid run into the intervening segment often 
ran beyond it in considerable quantities. This rectal balloon, when 
distended until the rubber just began to stretch, was 4'5 cm. in diameter 
and 5°5 cm. in length. Distension to greater volumes was not attempted 
as the less ordinarily suffice to excite contraction of the organ. Disten- 
sion of a balloon within the lumen of the rectum or anal sphincter acts 
as a stimulus for a local contraction. It may be objected that the local 
disturbance excited by the presence of the recorder itself serves to 
modify the response to other changes. As the relaxations of the 
sphincter here recorded also could be watched by the observer when the 
only foreign body within the sphincter was the narrow gum-elastic 
catheter going to the rectal balloon, we feel certain that in this case 
this objection cannot hold. 


IlIl.—Tue EFFECTS or Lesions oF THE SacraL Roots. 
It is convenient to consider in each investigation, first the state of 
the rectum and sphincter, and secondly the relationship obtaining 
between the two. 


Case 1.—H. F., male, aged 46, under the care of the late Dr. Collier. 
Gompression of cauda equina by neurofibroma. 
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Frequency and urgency of micturition for three years. For two years 
inability to control bowel evacuation after taking laxatives. Involuntary 
micturition for two years, readily provoked by coughing and straining for six 
months. No power of delaying discharge or of interrupting the stream. 
Bowels very constipated for three months. He stated that he could digitally 
feel fæces in his rectum, but lacked the power to expel. After taking laxatives 
evacuation occurred without his knowledge or control. After purgatives this 
phenomenon was preceded by a sensation of pain in the lower abdomen. 
Tends to micturate if strains. Twelve months before admission persistent 
pain over dorsum of foot for two months, and followed by weakness of the left 
ankle. On examination he showed wasting and weakness of glutei, calf and 
pretibial muscles, and intrinsic muscles of feet, greater left than right. Marked 
bulging of perineum on coughing or straining. Knee-jerks very active, right 
ankle-jerk present, left absent. Abdominal reflexes present. Plantar responses 
flexor, Anal reflex absent, sphincter relaxed, but not patulous. Deep, but not 
quite complete loss of sensation to cotton-wool, pin-point and heat and cold” 
-over$8,4and5. Slight loss over 82. Oomplete subarachnoid block with 
Froin’s syndrome. Surgical removal of elongated neurofibroma lying among 
the roots of the cauda equina in the midline and appearing to arise from the 
filam terminale. 

Distension of the rectal balloon in this patient by the sudden 
introduction of volumes of air up to 50 c.c. evoked evidence of active 
contractile response. The first 5 c.c. injected brought about a rise of 
pressure of 23 cm. water, with well-maintained subsequent level (fig. 26, 
Plate XIV, at 6). A second 5c.c. evoked not only a smaller further rise to 
27°5 cm. pressure, but a delayed wave of increased pressure (fig. 26, 
d, e) which subsided to leave a maintained level of 20 cm. pressure. A 
further increment of 10 c.c. air added to the balloon now evoked an 
immediate rise to a peak of 45 cm. water pressure (fig. 26 at g) followed 
by a larger delayed wave of increased pressure, with eventual subsidence 
to a fresh level of 28 cm. pressure (fig. 26 at g, h) followed by a series 
of fluctuations of approximately fifteen seconds duration. This delayed 
wave of pressure induced by sudden distension was found to be regularly 
elicited by sudden distension, and may be lkened to the similar 
“secondary ’’ wave of pressure obtainable from the bladder by sudden 
stretch of the vesical wall (8). 

Distension of the air space of the sphincteric recorder gave rise to a 
sudden rise of pressure which subsides slowly. When the distension 
was made in small increments, 1 c.c. at a time at eight seconds’ intervals, 
and the resulting pressures charted in a graph (shown in fig. 12, Plate 
XID, it will be seen that following the sharp peak of each initial rise of 
pressure the fall is steeper as the sphincter is further distended. At 
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5 c.c. (80 c.c. being required to distend the recorder fully to a diameter 
of 4 cm.), this adaptation of pressure to increased volume is found to 
vary, being at times rapid, at times non-existent. At this degree of 
distension of the sphincter slow rounded fluctuations of about ninety 
seconds’ interval were found to be occurring in the state of the sphincter 
at any constant volume (fig. 27, Plate XIV). The further the sphincter 
was distended the more obvious these fluctuations became. The 
adaptation of the sphincter to a suddenly imposed increase of volume of 
contents appeared steeper when related to the crest of one of the 
spontaneous fluctuations than when related to.the trough. If distension 
to such a degree were made suddenly by the injection of a single large 
amount of air into the recorder the pressure rises steeply to sharp 
peak and immediately falls to a trough, followed by a reassertion of 
tone at æ slightly higher level (fig. 26 at a). This primary relaxation 
and later reassertion of tone appears identical with the curve published 
by Gowers [16] of the resistance given to the sudden insertion of an 
~ object within the lumen of the sphincter. A momentary increase of 
abdominal pressure brought about passively by the observer elicits in 
most striking way a similar relaxation of the sphincter (fig. 27, at a). 
The relaxation here has, however, a delay in onset of over three seconds. 

Diminution of the content of the'recorder in the sphincter resulted 
in immediate parallel fall in pressure, but if the lower volume were now 
kept constant the pressure gradually rose, so that the sphincter main- 
tained an increased grip on the recorder. Movement of the recorder 
within the sphincter excited no change apart from the fall of pressure 
when the recorder passed within the rectum or out beyond the sphincter. 

Manipulations of the recorder within the sphincter or in volume of 
the recorder had not the slightest effect on the rectal pressure when that 
was recorded concurrently. On the other hand, the sphincter was 
found to be influenced in the most remarkable degree by changes within 
the rectum. If, the sphincter ani being moderately distended, the rectal 
balloon were suddenly inflated there ensued a deep relaxation of the 
pressure exerted by the sphincter ani (fig. 26, Plate XIV, at c, f and 2). 
The relaxation outlasted in duration the induced wave of rectal contrac- 
tion (fig. 26 at 7) when that was present, and still occurred when no 
such wave occurs (fig. 26 atc). There is a delay in its onset which 
suggests that its appearance is related to the onset of the induced rectal 
contraction: wave. A further distension during the trough of this 
relaxation excited further relaxation, revealing & capacity of the effect 
to summate. j 
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If fluid were run into the segment of rectum intervening between 
the rectal balloon and the sphincter recorder (“intervening segment,” 
fig. 1B, f) there ensued arise of rectal pressure of wave form accompanied 
by a very deep relaxation of the sphincter (fig. 26, Plate XIV, m, n and 
fig. 2 atc). The slowly developing rise of contraction upon the rectal 
balloon is clearly not related to any direct mechanical pressure of fluid 
against the rectal balloon, which was here some 15 cm. within the anus, 
and is a stimulated contraction in the rectal wall applied to the balloon, 
The pressure in the fluid in the intervening segment reveals that a more 
brief and perhaps earlier contraction had occurred in this region of the 
rectum, and was followed by a further small contraction, o, fig. 26, not 
revealed in the pressure of the higher segment. The same series of 
events is shown in fig. 2, when the intervening segment is distended by 
20 c.c. fluid between a and 6, with resulting wave of rectal pressure at 
c and relaxation of the sphincter ani at d. Here the pressure in the 
intervening segment when the inflow is shut off at b reveals a declining 
wave of pressure. We imagine that the introduction of a small quantity 
of fluid in this manner subjects a greater area of the rectum to stretch, 
and thus provokes a greater rectal contraction than does distension of 
the rectal balloon. Injection of a small quantity of fluid evokes a con- 
traction only of the intervening segment. The mechanism of relaxation 
of the sphincter in each case appears identical and is related to tension 
on the wall of the rectum. 

As mentioned earlier, the pressure within the sphincter ani under- 
went long slow fluctuations, and when the rectum was distended there 
occurred with some of these one or more rectal contractions as at 7, 
fig. 26. Such contractions showed a relationship with the relaxation 
of the sphincter which suggested an opposite, or reciprocal, correspon- 
dence between the two, so that spontaneous active contractions of the 
rectum are accompanied by some corresponding relaxation of the 
sphincter. This relationship does not hold in inverse manner, for 
often no rectal contraction accompanies the long slow spontaneous 
fluctuations in the sphincter (fig. 26, at p). The clean-cut relaxation 
of the sphincter in response to rectal distension 1s by contrast a trans- 
itory phenomenon induced by the phase of increasing tension on the 
rectal muscle. The period of evacuation will be observed to begin 
when greatest increase of rectal pressure coincides with greatest relaxa- 
tion of the sphincter, and declines only as the sphincter closes (fig. 2). 

If fluid were run continuously into the intervening segment over a 
long interval the induced disturbance in the rectum took the form of a 


INVESTIGATION OF THE NERVOUS CONTROL OF DEFZCATION 2638 


series of waves of contraction growing less frequent when the flow 
is stopped (fig. 2, e, f, g). The sphincter ani relaxed rapidly and © 
maintained a relaxed posture during the whole period of inflow. 
Fluctuations in this relaxation revealed an intensification of relaxation 
corresponding to the later half of each rectal wave. This delay in the 
effect of each rectal wave on the sphincter might be due to an interval 
of propagation of a wave of contraction downwards from balloop to 
sphincter, but the pressure in the intervening segment indicates that each 
wave of contraction tends to involve the whole rectum concurrently 
(fig. 2, g). Evidence of peristaltic contraction in this phenomenon was 
lacking except for the occasional occurrence of late small waves in the 





Fia. 2.—To show the effect of .distension of the rectum with fluid in Case 1. The 
tracings in this and all subsequent figures read from left to right. The pressure within the 
rectal balloon is recorded by the thiok line R.P., and the tension in centimetres of water is 
shown in the first scale. The preasure within the recorder in the sphinoter ani is shown in 
the tracing 8.P. The movements of the abdominal wall in the region of the umbilicus 
is shown in the tracing Abd, where a downward movement represents inspiration. The 
pressure in the catheter connecting the reservoir with the intervening segment is shown as the 
thin line INT. SEGT. At a@200.c. of warm normal saline is allowed to flow from the reservoir 
into the intervening segment and at b the tap to the reservoir is closed, It is again opened 
from e to f and 200 c.o runin, Fluid was evacuated past the sphinoterio recorder in the 
intervals indicated by the horizontal black lines (HVAC). Time shown in vertical strokes at 
10 second intervals. 


intervening segment as at o in fig. 26. That the lack of partition between 
rectal balloon and intervening segment is not responsible is seen in the 
independence of the two curves, and is due to the low pressure of the 
fluid (10 to 20 cm. water pressure). 

The co-ordinated contractions of the rectum ‘and relaxation of the 
sphincter ani in response to progressive distension of the rectum secured 
evacuation of fluid past the sphincter as shown in fig. 2. The relation- 
ship of this evacuation to the phenomenon of reciprocal contraction 
indicates that it forms the basis of the automatic defecation observed 
in this patient. 
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At the time of our examination automatic micturition was well 
established. 


Case 2.—C. R., male, aged 25, under the cars of the late Dr. Collier. 
Spinal arachnoiditis, involving the cauda equina. 

Weakness of right foot and leg, with wasting of right leg, for five years. 
For eighteen months incontinence of urine occurred with exertion. He had 
fo gfrain to empty his bladder voluntarily. Two yaars earlier for a period of 
twelve months he suffered from diarrhea.’ Since then evacuation, which he 
can postpone, has occurred once or twice a day, sometimes easily, usually 
commenced by straining. On examination he showed slight bulging of lower 
abdominal muscles on straining. Gross wasting and weakness of glutei, ham- 
string, calves and intrinsic muscles of feet. Knee-jerks present, ankle-jerks 
absent. Left lower abdominal absent, others present. Plantar responses 
absent. Anal reflexes absent. Sphincter patulous. Slight diminution to 
gotton-wool, pin-point and heat and cold over sacral segments, less over lumbar 
segments as high as L2. Partial subarachnoid cerebrospinal fluid block. 
Laminectomy D10 to L3 disclosed thickening of arachnoid, with cystic 
loculation increasing caudally. Histologically a fragment of arachnoid 
removed showed only fibrous tissue. 


In this patient distension of the rectal ballcon, as in Case 1, encoun- 
tered an immediate resistance (figs. 29, 30) followed by a marked 
induced ‘‘ secondary” wave of increased pressure, and succeeded by 
a moderate degree of plastic adaptation. Thé secondary wave of 
pressure was found to be more obvious when the balloon lay some 5 to 
10 cm. above the sphincter ani (fig. 30 g) than when it lay over 10 cm. 
above the latter (fig. 30 a). This difference is largely one of threshold 
of stimulus, and even when the balloon was known to be at a high 
level secondary waves were often obtained by sudden full distension. 
Spontaneous fluctuations in rectal pressure were not observed. 

Distension of the sphincter ani gave rise to an immediate 
resistance which rapidly melted when further distension ceased, 
and this fall of pressure was succeeded by a series of small waves 
of pressure at ten to fifteen seconds’ intervals (fig. 3). Distension 
of the sphincter 1 ¢.c. at a time revealed low resistance with a 
high degree of plasticity, as seen in the resulting graph (fig. 13, 
Plate XII, a), and agreeing with its soft patulous feel in digital exam- 
ination. If the sphincter were examined by gradual distension in this 
manner its resistance was found to vary not only in brief phases corres- 
ponding to its rapid distension or distension of the rectum, but in 
lasting states of greater relaxation one of which corresponded with 
distension of the bladder, and another with the appearance of fæcal 
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matter in the upper rectum. The data for the graph recorded in fig. 18a, 
were obtained at a time when reduction in volume of the sphincteric 
recorder from 20 to 10 c.c. was followed by an immediate drop in 





Fras. 3-11.—-To illustrate the effect of sudden moderate distension of the sphincter ani. 
Time is shown at the top of each record in vertical strokes at 10 second intervals. 


Fia. 3.—From Case 2, to show the effect of the injection of 20 o.o. of air into the 
sphincter recorder at a. The period of injection oooupies a little over two seconds. The 
remainder of the curve shows the reactionary pressure. 


Fra. 4.—Aleo from Oase 2, 100.0. of sir has been injected into the sphinoter recorder and 
a stationary pressure reached, At as further 10 o.c. of air is injected and immediately with- 
drawn within two seconds. Tensions as in soale of fig. 8. 


Fie. 5.—As fig. 4, except that at a the manœuvre is repeated three times, and at ¢ twice 
in rapid succession. $ 


Fre. 6.—Also Oase 2. At a the air within the sphinoter recorder, already containing 
20 0.0., is reduced to 10 c.o. Later in the experiment, following micturition, the same 
procedure is repeated and the resulting pressures are shown at b. Tensions as fig. 8B. 


Fre. 7.—From Osse 8. At a 20 0.0, of air are injected into the previously empty recorder, 
Fra. 8.—From Oase 9. Ata7o.o. of air were injected into the empty recorder. 
Fie. 9. -From Oase 5. At a 10 c.o. of air were injected into the empty recorder. 


Fie. 10.—-From a normal subject, At a an increment of about 2 o.c, was added to a 
recorder content of 10 0.0. g 


Fia. 11.—-From a normal subject. The recorder was arranged so that the distensible 
portion was half extruding from the sphinoter. At a10 o.o. of air are introduced suddenly 
into the recorder. 


pressure with gradual reassertion of a low tonic level after an interval 
of thirty seconds (fig. 6, a). A few minutes later micturition occurred, 
and the sphincter was then found to be more resistant. Distension by 
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increments of 1 c.c. now gave data for the graph fig. 13, b, and reduction 
of volume from 20 to 10 c.c. was followed by less reduction of pressure 
and slow recovery of much higher tone in the ensuing forty seconds 
(fig. 6, b). 

The immediate trough of relaxation following a sudden moderate 
distension of the sphincter in this patient was so well developed (fig. 8 
at 6) that it was examined in further detail. It is not present with 
small increases in volume, so that the usual interval of eight seconds 
between observations on distension by small increments allowed sufficient 
time for a maintained level of pressure to be reached under these cir- 
cumstances. A transitory small distension, bringing the volume back 
to the previous level within two seconds, did not reveal any change in 
existing tone. A brief distension with 10 c.c. of air was followed, how- 
ever, by a lowering of the existing state of tone, reaching a trough five 
seconds later, and regaining the previous level in the following twenty 
to thirty seconds (fig. 4). A momentary stretca of the sphincter there- 
fore induces in it a passing relaxation, and two stretches induce a less 
deep relaxation than three (fig. 5). The first fall in pressure following 
upon a sudden and maintained stretch is therefore a true relaxation of 
the sphincture. 

Inflation of the rectal balloon brought about relaxation of the tone 
of the sphincter, as in Case 1, and the relaxation was found to be deeper, 
but with about the same latency, when the rectal balloon lay within 5 to 
7°5 cm. of the sphincter, than when it lay 10 cm. or more above it (fig. 80, 
aandf). The presence or absence of a secondary wave of rectal contrac- 
tion did not modify this reaction. Deflation of the rectal balloon after 
varying periods of inflation, brought about no change in the sphincter, 
but movement of the deflated rectal balloon downwards when this could 
be done without direct disturbance of the sphincter, excited some 
moderate relaxation of the sphincter (fig. 30, d). The effect of momentary 
brief distension of the rectal balloon revealed that a certain intensity of 
stimulation was required to effect any relaxation of thesphincter. Single 
brief distensions were without effect and repeated distension was necessary 
(fig. 29, 2, 7, k, l,m). 

Progressive distension of the segment intervening between rectal 
balloon and sphincter brought about only slight rise of rectal pressure, 
but was not continued to any large volume. The sphincter in this 
patient showed when highly tonic the long slow fluctuations also seen 
in Case 1 (figs. 29, 30), and the effect of moderate progressive distension 
only lowered the general height of tone, with the appearance of small 
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fluctuations (fig. 28, g). There was no voluntary power over the 
sphincter, and no cutaneous stimulus appeared to affect it. Movement 
of the sphincteric recorder did not succeed in provoking any effect other 
than the rise or fall in pressure consistent with its passage into or out 
of the region of maintained tonic effect and the brief relaxation if the 
sphincter were thus rapidly distended. Distension of the sphincter, or 
movement within it, had no effect on the pressure within the rectal 
balloon. s 

Accompanying each relaxation of the sphincter induced by rectal 
distension in this patient not only could the slackening of the skin of 
the anus be directly observed but also a slow outward movement of the 
skin of the whole peri-anal region of the perineum. The signalling of 
the intensity of this relaxation revealed its exact correspondence with 
the relaxation of the sphincter (fig. 30 at a). 

This patient had developed only a low grade of automatic micturr 
tion, so that small vesical contractions secured enough relaxation of the 
vesical sphincter to‘allow evacuation with straining. There was no 
evidence of function of the external vesical sphincter. 


Case 3.—M. R., aged 30, under the oare of the late Dr. Collier. Tumour 
causing compression of cande equina. ` 

History of severe pain shooting from right buttock, down back of thigh and 
front of leg to the toes for twenty months; nine months later difficulty in 
initiating micturition, replaced after three days by precipitant evacuation and 
incontinence. Desire to pass urine almost continuous, and urethral sensation 
intact. He experienced desire for defæcation but “did not seem to be able to 
get it away.” After purgation he had difficulty in controlling defecation. A 
month later his knees, ankles and feet became weak, and numbness commenced 
in buttocks, penis and scrotum, backs of calves and feet. On examination he 
showed slight weakness of flexors of right hip and knee. Knee and ankle jerks 
present. Abdominal reflexes present. Plantar responses indefinite but 
tendency to flexion. Anal reflexes absent. Loss of sensation to cotton-wool, 
pin-point, and heat and cold over sacral skin segments. Almost complete 
subarachnoid block. The cerebrospinal fluid showed Froin’s syndrome. 
Operative removal of hmmangio-endothelioma from roots of cauda equina. 


The reaction of the rectum to sudden moderate increase in the 
volume of the rectal balloon in this patient was an initial sharp peak of 
pressure followed by slow and slight adaptation (fig. 31). No induced 
secondary wave of pressure occurred, unless a very large volume (over 
50 c.c.) of increase was made and it was then small. A small secondary 
wave could be induced by brief pressure on the abdominal wall or by a 
cough. 
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Distension of the sphincter ani gave a low pressure curve (fig. 14) 
with well-marked plastic reaction, and a single moderate distension was 
followed by a slight following relaxation with recovery (fig. 7, b, c, d) in 
small rhythmical waves. Movement of the recorder in the sphincter 
induced a similar following relaxation with recovery. 

The effect of distension of the rectal balloon on the sphincter was 
a definite though not very deep relaxation (fig. 31). More momentary 
distension of the rectum such as a cough, with associated secondary 
wave of pressure in the rectum, was also accompanied by a relaxation 
of the sphincter. The rectal balloon was very low in the rectum, but 
further insertion of it brought no increase in reaction. 

Filling the segment between balloon and sphincter with a small 
amount of fluid induced a moderate and progressive relaxation of the 
sphincter with no increase of pressure on the rectal balloon and the 
- lntervening segment (fig. 32). Progressive filling of the intervening 
segment with fluid induced a slow rise of rectal pressure surmounted 
by a series of irregular small waves, and accompanied by further relaxa- 
tions of the sphincter, some of which are reciprocal to rectal waves, and 
each of these with slight delay in onset after the corresponding rectal 
wave (fig. 33). . l 

This patient showed a contraction of the rectum with each micturi- 
tion, a phenomenon we had before only observed in reflexly active spinal 
states [8], and not.present in our other cases of cauda equina lesion. 
Single waves of rectal contraction accompanied spontaneous micturition 
when the rectum was distended, and relaxation of the sphincter ani was 
co-ordinated with the rectal contraction (fig. 34). The recovery of tone 
in the sphincter ani to a supernormal level is here more evident than 
in other cases, a reflection of the effect of evacuation of fluid both from 
the bladder and from the intervening segment. Distension of the 
sphincter or movement within it had no effect of the pressure recorded 
by the rectal balloon. Distension of the rectum gave rise to a “ forcing 
feeling ” vaguely felt in the abdomen, but to no sensation related to the 
pelvic region. This patient had developed an unusually powerful 
automatic micturition. There was no evidence of function in the 
external vesical sphincter. 


Case 4.—F. T., aged 28, under the care of Dr. Carmichael. Compression 
fracture with posterior dislocation of the 11th thoracic vertebra and complete 
destruction of the spinal cord below the 1st‘lumbar segment. 

Hight months earlier the patient’s spine was bent acutely backwards in an 
accident. There was immediate loss of sensation and power of his legs. 
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Retention of urine necessitated catheterization: of faces, enematsa. Seven 
weeks later periodic incontinence of urine and feces commenced. He pre- 
sented complete flaccid paraplegia with gross wasting and absent deep reflexes. 
Abdominal reflexes abgent below the 11th dorsal segment. Plantar responses 
absent. Very slight contraction of the anus could be elicited by a scratch near 
it. Intermittent spontaneous defscation when stools were soft. Sphincter 
usually very patulous. Partial anesthesia below D11, complete below L 1. 
No sensation associated with micturition and defmcation. Sloughing sacral : 
bedsore and perineal fistula. On admission to this hospital he was in a 
condition of extreme toxemia from which he succumbed after four weeks. 
Autopsy. revealed complete destruction of all the lumbar and Ist, 2nd, 8rd and 
4th sacral segments of the spinal cord. A small piece of intact 5th sacral 
segment accounted for the anal reflex. 


(g 


Our observations on this patient were made at the bedside, as his 
condition did not allow removal to the laboratory. The reaction of the 
rectum and sphincter to distension was recorded by mercury manometer ° 
and the results charted in terms of water pressure for comparison with 
Cases l, 2 and 3. The sphincter showed a moderately plastic curve of 
resistance to distension (fig. 15, a), and at the time of examination the 
sphincter was less patulous than usual. The rectum had maintained a 
resistance to distension comparable to Cases 1, 2 and 3, but induced 
waves of rectal pressure were not observed (only slight distension was 
used). Distension of the rectum was followed by well-defined relaxation 
of the sphincter ani. Movement within the sphincter evoked no sudden 
contraction of it. There were slow long fluctuations in the tonic 
pressure of the sphincter. Some low degree of automaticity of micturi- 
tion was present but was not closely investigated. 


‘IV.—TRANSVERSE LESIONS RESULTING IN REFLEXLY ACTIVE 
STATES. 


Case 5.—G. R., male, aged 24, under the care of Dr. Carmichael. Fracture 
dislocation of spine with evidence of destruction of 4th thoracic segment. 

Since a motor-cycle accident five months earlier he had been unable to 
move or feel: his lower limbs. There was at first complete retention of urine 
and feces: The time of first appearance of active defscation was not noted. 
For eight weeks the bladder was emptied by an indwelling catheter. After 
two and a half months reflex flexion was first observed in the lower limbs, and 
after a further two weeks active incontinence of urine was observed and the 
catheterization discontinued. ` Urine evacuated involuntarily and without his 
knowledge every ten to fifteen minutes. The intervals had increased and he 
felt a peculiar feeling in the hypogastrium before evacuation-commenced. No 
power of initiating micturition or defecation, the.latter occurred intermit- 
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tently without his knowledge or control only after enemata or aperients. On 
examination he presented complete paralysis of the intercostal muscles below 
the 4th, and muscles of abdomen and lower limbs. The lower limbs lay in 
extension, flaccid and wasted. Knee-jerks and right ankle-jerk present, left 
not elicited. Abdominal reflexes absent, plantar responses extensor with 
flexor withdrawal of the whole limb. Anal reflexes present. Rectum very 
distended with soft fæces. There were persistent penile erections. No 
ejaculation. All forms of sensation lost below the 4th thoracic segment. 
There was complete cerebrospinal fluid block. X-ray showed fracture of 
4th, 5th and 6th thoracic vertebrm, with collapse of 5th thoracic vertebra. 

Distension of the rectal balloon in this patient induced a small wave 
of secondary contraction followed by plastic adaptation to a new tonic 
level (fig. 85, Plate XV). Even distension to 50 cc. capacity excited but 
slight rectal secondary contraction. The sphincter ani was moderately 
resistant to gradual inflation (fig. 16), showing plastic adaptation at an 
intermediate level. Sudden moderate inflation of it meta high resistance 
followed by an immediate slight contraction, which was succeeded by 
a trough of relaxdtion before steady tonic contraction was reached (fig. 9), 
and induced a small wave of rectal contraction. Sudden inflation of the 
rectal balloon induced a relaxation of the sphincter with the usual duration 
of about twenty seconds (fig. 35). The record of sphincteric contraction 
showed at times an irregular jerkiness which was due to a very slight 
irregular contraction of the voluntary musculature of the perineum 
which was palpable in the region of the external sphincter. A stimulus 
to the sole of the foot elicited a rapid rise of all pressures with contrac- 
tion of the levator ani (fig. 87), and when the rectum had been distended 
this resulted in a late rise of rectal pressure and subsequent evacuation 
(fig. 37, b, d). 

Distension of the intervening segment resulfed in but slight and 
passive rise of rectal pressure, while the sphincter relaxed moderately 
and irregularly (fig. 36). For evacuation to occur some additional 
sudden increase of pressure, such as & passive pressure on the abdominal 
wall, appeared to be necessary, when the train of events are similar to 
the effect of stimulation of the sole of the foot. Sudden distension of 
the sphincter or movement within it was also s stimulus for such evacua- 
tion, and both these manœuvres excited an immediate contraction of the 
sphincter (fig. 88). The rise of pressure in the sphincteric recorder 
during evacuation at d in fig. 87 and b in fig. 38 is due to the impaction 
of passing semi-solid fæcal material against the rubber of the recorder. 
It will be observed that the waves of pressure in the intervening segment 
are identical in time with those in the rectum. Owing to the fecal mass 
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which continuously filled the rectum it was not. possible to separate the 
rectal balloon and sphincter recorder widely. 

Digital palpation of the anal sphincter encouraged a moderate tonic 
resistance, and a brief initial resistance to introduction of the finger was 
felt to be distinctly related to the outer part of the sphincter. No tonic 
contraction could be felt in this area. The brief contraction in response 
to stimulating the sole of the foot occurred in the same part of the 
sphincter (external sphincter). On continued palpation the sphincter 
became much softer and evacuation often occurred. Well developed 
and powerful automatic micturition was present. 


Case 6.—-H. M., male, aged 24, under the care of Dr. Carmichael. Fracture- 
dislocation of Ist lumbar vertebra with compression of spinal cord which 
isolated portions of the sacral segments. 

Immediately after a motor-car accident six months earlier he was unable to 
move either leg, and the left leg felt numb. Sensation and the power of the» 
left leg have remained unaltered, the power of fhe right leg gradually improved. 
Spasmodic involuntary flexion of the ‘right knee and addyotion at the hip 
during previous three months. Retention of urine necessitating catheterization 
for the first six weeks, then frequent involuntary evacuation over which he 
had no control. For some thirty seconds before micturition occurred he had 
a feeling of “ knotting” in the lower abdomen. No bowel action for six days 
after the accident. Since then laxatives have secured evacuation following a 
warning dull ache in the lower abdomen. Oonstriction of the penis and 
straining were habitually used to assist defecation. On examination he 
showed wasting of the muscles of both lower limbs. Left lower limb com- 
pletely powerless. No movement at right ankle. Flexion of right knee very 
weak, extension fair. Extension and abduction and rotation of right thigh 
almost powerless, flexion and adduction of fair power. Legs lie flaccid and 
extended. Knee-jerks and ankle-jerks absent. Nocuous stimulation of any 
part of the skin area of the right sacral segments elicited plantar flexion of toes 
of both feet, excepting the great toe, in which there was no movement. With 
this reflex occurred a contraction of the whole perineum, including a faint 
contraction of the external anal sphincter, more brisk on the left side. Penile 
erection readily elicited. All forms of sensation lost below the 1st lumbar 
segment on the left side and the 4th lumbar segment on the right. X-ray 
revealed fracture dislocation of lst lumbar vertebra. 


Distension of the rectal balloon encountered a slight initial resistance 
followed by a slow small wave of. pressure with slight final adaptation 
to a well-maintained tonic pressure (fig. 39). The sphincter ani was 
very resistant to the initial stages of gradual inflation (fig. 17, a), but as 
inflation proceeded the resistance fell, so that the sphincter became very 
soft and patulous. Hvacuation did not at this time occur, but both earlier 
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and immediately subsequent inflation of the sphincter elicited evacua- 
tion, and the later fall in the curve is attributed to stimulation of rectal 
contraction. When a sudden inflation of the sphincter was made the 
initial high resistance often passed into a very steep fall in pressure in 
the sphincter in which some jerky contraction heralded a rise of. rectal 
pressure and a large evacuation. At the end of the investigation, when 
further evacuations of a large quantity of fsecal matter had been induced 
by dther stimuli, the sphincter ani was found to be much more resistant 
to gradual distension, and the graph of resistance to gradual filling now 
showed a very steep rise indeed so that the limit of our pressure registra- 
tion was soon reached (fig. 17,6). In view of the large quantity of 
fæcal material evacuated this heightening of tone of the sphincter may be 
related to lessening of distension of the pelvic colon as well as of the 
upper rectum. f 

- Inflation of the rectal balloon brought about a moderate relaxation 
of the sphincter (fig. 39). Greater inflation of ‘the rectal balloon was 
followed by deeper and more prolonged relaxation of the sphincter ani. 
Slight jerky contractions of the external sphincter continued throughout 
the trough of these relaxations, and do not appear to be affected. On 
account of loading of the rectum with fecal matter it was not practic- 
able to investigate the effect of distension of the intervening segment. 
Spontaneous evacuation was, however, observed, and was preceded by a 
slow lowering of the tension of the sphincter during which the pressure 
within the rectum rose only very slightly in the first thirty seconds and 
mounted gradually into a large wave of high pressure with such force of 
evacuation of solid fæces as to bring about a rise of pressure in the 
sphincter recorder. On another occasion a rhythmical series of small 
waves surmounted the large rise of pressure (fig. 42). 

Movement of the recorder within the sphincter, whether inward or 
by rotation, induced a small peak of increased pressure (figs. 41, 42), 
which passed into combined rectal contraction and relaxation of the 
sphincter, and often defmcation. Nocuous stimulation of any part of 
the cutaneous area of any of the sacral segments on the right side 
induced a small brisk and brief contraction of the sphincter and levator 
ani which subsided in three to five seconds, and was often followed at 
an interval by defscation (fig. 40, a, b and o). 

Digital exploration revealed that the source of the faint jerkiness 
in the record was faint irregular contraction in the outer segment of 
the sphincter ani,in that region where the voluntary constriction of the 
normal sphincter is usually felt. The contraction elicited by cutaneous 
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stimulation of the right sacral segments also caused a faint constriction 
in this place. Though jerkiness could be felt in this region no distinct 
tonic constriction could be related to it. The sphincter relaxed slowly 
and contracted slowly as a whole, and the muscle giving the more rapid 
contractions felt as if embedded in the outer part of this slowly 
contracting unit, without giving distinct constriction. 

Case 7.—D. McK., aged 28. Fracture dislocation of 11th thoracic — 
with destruction of 2nd, 3rd, 4th and 5th lumbar segments and partial äffec- 
tion of 11th and 12th dorsal and ist lumbar segments. 

Fourteen months earlier he fell 80 ft. with immediate complete paraplegia, 
Incontinence of urine developed within a few days. On examination he showed 
weakness of the abdominal muscles below the umbilicus on both sides. Com- 
plete paralysis of lower limbs, with hypotonia, wasting and absent knee-jerks. 
Both ankle-jerks were present. Stimulation of the skin of the sacral segmental 
areas induced contraction of the external anal sphincter and levator ani, accom- 
panied by external rotation of the thighs and plantar flexion of the great toes. 

All sensation lost below the 10th dorsal segment on the left side and 1st lumbar 
segment on the rightside. Lumbar puncture revealed a camplete spinal block. 
He suffered continual constipation. After a purgative or enema he had some 
warning of imminent defwoation by sense of movement within the abdomen. 
Any bodily movement then precipitated evacuation. No sensation of passage, 
and no voluntary control over it. 

Distension of the rectum in this patient evoked a high degree of 
immediate resistance followed by fall to a low tonic level. There was 
readily obtained an induced wave of rectal contraction (fig. 48), and 
small series of subsequent waves often occurred. These waves of 
secondary contractions could also be readily evoked by sudden passive 
increase of abdominal pressure (fig. 48). The sphincter ani showed the 
fine jerky irregularities characteristic of slight activity of the voluntary 
external sphincter. Distension by small increments encountered a 
moderate resistance (fig. 18). Sudden brief passive abdominal pressure 
induced a brief contraction in the jerky portion of the sphincter (fig. 48) 
followed by the slower relaxation of the remainder. 

The rectum when well distended showed occasional small waves of 
contraction at intervals of forty to sixty seconds, each accompanied by a 
small relaxation in the sphincter commencing at or just before the peak 
of the rectal wave, (fig. 46). In this patient the rectum contracted 
powerfully with each micturition (reported as Case 5 in our earlier 
paper on micturition [8]), and with these contractions the anal sphincter 
relaxes steeply in the later phase of rectal contraction (fig. 47). It will 
be observed that the pressure in the sphincter rises with the onset of 
vesical contraction, a phenomenon related to contraction of the whole 
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of the voluntary muscle of the perianal perinium in the early stage of 
vesical contraction. 

This preliminary contraction of the perineum and anal sphincter 
appeared to be related directly to the rising pressure in the bladder, for 
when the combined micturition and defecation were elicited by repeated 
abdominal pressures the rectal pressure rose early, and passed into a 
high wave before the similar transition had occurred in the bladder 
(fig. 49, b, c), and the sphincter ani showed early relaxation accom- 
panying the first rise of rectal pressure. Here the sphincter ani again 
contracts before defwcation occurs. The pressure in the sphincter ani 
was recorded only by means of a small olive-shaped rubber balloon in 
this patient, so that the wider movements of the involuntary anal 
sphincter were not clearly differentiated. , Well developed reflex mic- 
turition was present, with brisk external vesical sphincter. 


Case 8.—E. R., male, aged 47, under the care of Dr. Hinds Howell, intra- 
medullary spinal tumour extending from 11th dorsal segment approximately to 
the level of the Ist sacral segment. 

He had had gradually increasing weakness of the lower limbs for a period 
‘of eight months, with bouts of aching pain felfin the lumbar spine. Numbness 
and coldness of the lower limbs had existed for five months, and wasting and 
twitching of the lower limbs for four months. He had had constipation, and 
difficulty in initiating micturition for six months. There had been precipitant 
and uncontrollable defsacation following the administration of aperients. He 
had complete inability to discriminate between flatus and solid matter. On 
examination he showed general wasting of the musculature of the lower limbs 
with flaccid quadriceps and increased tone in the calf muscles. The abdominal 
reflexes were absent below the 9th dorsal segment. The knee-jerks were 
diminished, ankle-jerks exaggerated, with ill-sustained ankle clonus. Plantar 
responses both extensor. Anal reflex present. Almost complete loss of 
sensation to all forms below the 9th dorsal segment with less deep affection of 
the 5th lumbar and sacral segments. Sense of position and passive move- 
ment deeply impaired in toes, less so in ankle and knee joints. Loss of sense 
of vibration below 4th lumbar spine. Operative exploration revealed distension 
of the spinal cord in the region referred to above. 


The rectum reacted to distension with the production of secondary 
waves of moderate size and showed moderate plasticity (fig. 50). The 
sphincter ani was resistant to inflation and at moderate distension 
‘showed slow undulating fluctuations. A single moderate distension 
evoked, besides the initial resistance, a small peak of contraction related 
to the outer segment'of the sphincter, with subsequent small trough 
before the maintained tonic level was reached (fig. 50, a). The 
reaction to distension by small increments was not examined, but 
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palpation revealed that apart from the brief initial contraction the 
sphincter was lax. 

Inflation of the rectal balloon evoked a full relaxation of the 
sphincter ani (as recorded by small olive-shaped balloon) (fig. 50, c), 
while progressive distension of the intervening segment brought about 
a slow and gradual rise of rectal pressure associated with deep relaxa- 
tion of the sphincter ani. Although further introduction of fluid ceased 
the rectal pressure continued to rise, and superimposed smaller fluctua- 
tions made theirappearance. The resulting large prolonged contraction 
was accompanied by parallel change in the intervening segment, and 
secured evacuation of fluid (fig. 51, c, d, and e). The sphincter 
remained fully relaxed (small olive-shaped recorder), and reverted to a 
phase.of increased tone as the rectal contraction subsided (fig. 51, f). 

Each involuntary flexor spasm, and flexion induced by stimulation 
of the sole of the foot, was accompanied by a sharp and brief contrac; 
‘tion in the external sphincter (fig. 53, Plate V, a,c),and often with 
associated wave of rectal contraction possibly stimulated by perineal 
movement. The brevity of these reflexly produced contractions suggests 
their origin in rtriped muscle, and where the sphincter was already 
relaxed (fig. 52.c,d,e,f) their rapid subsidence left no apparent slower 
contraction. Each secured brief cessation of evacuation when that was 
occurring (fig. 52, c,d). Movement within the sphincter also induced 
rectal contraction and flickering contraction in the sphincter. Voluntary 
effort to restrain defecation was accompanied by rapid but weak and 
momentary closure of the external sphincter ani not associated with 
change in the rectal contractions. Where spontaneous contractions of 
the rectum occurred they had reciprocal relationship to the slow 
rhythmical fluctuations of tone in the sphincter. 

Involuntary powerful micturition with brisk reflex effects had 
developed in this patiént, though he still had some ability to restrain 
micturition for brief intervals. 

Case 9.—H. C., male, aged 60, under the care of Dr. Hinds Howell. Oar- 
cinoma of gall-bladder. Secondary deposit compressing spinal cord at level of 
5th dorsal segment. 

For ten weeks he had aching pains in both groins and indigestion, followed 
after two weeks by pain in the back. Legs gradually became weaker until six 
days before admission he was unable to move or to feel his lower limbs. The 
next day he was unable to pass water and. fæces and the next lost all sensation 
from -bowels and bladder. . Catheterization was required. Hinemata secured 
-small bowel evacuation. He showed on examination complete paralysis of all 
muscles below the 5th intercostal. Slight extensor rigidity of lower limbs. 
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‘Reflexes: brisk knee and ankle-jerks of small range, unsustained ankle clonus. 
Abdominal reflexes absent. Plantar responses extensor with reflex flexion of 
lower limbs. Anal reflexes absent. Sphincter ani of moderate tone and 
plasticity. Sensation completely lost to all forms below the th thoracic 
segment. 

In this patient, in whom there was commencing failure of all limb 
reflexes from general toxemia at the time of our examination, the 
reaction of rectum and anal sphincter closely resembled those following 
cauda equina lesions except that the latter was highly resistant and 
independent. Distension of the rectum did not elicit any induced wave 
of contraction although the tonic level was well maintained, and dis- 
tension of the sphincter encountered a high resistance (fig. 19). At 
moderate distension the sphincter ani showed long slow fluctuations of 
pressure (fig. 56), and reacted to rectal distension by only slight relaxa- 
tion (fig. 56, d,e). Filling the intervening segment evoked at first 
deepening of the periodic relaxations of the sphincter without change in 
pressure in the rectal balloon, and as higher volumes were reached the 
relaxations of the sphincter deepened, and waves of contraction on the 
rectal balloon commenced to appear in exact correspondence with each 
such relaxation (fig. 57, a, b,c, d, and e). No evacuation occurred, and 
with further filling the rectal contractions subsided, the relaxation of the 
sphincter grew less, and a generally lowered tone of the sphincter 
appeared. Frequent small contractions of the sphincter were now 
observed (fig. 57, k-k). At other times, even with the rectal balloon well 
distended, there was no evidence of rectal involvement in the rhythmical 
fluctuation. Distension of the sphincter could excite the appearance of 
these small rectal waves. No reflex responses in.the sphincter were 
elicited, and movement within the sphincter evoked no rapid contraction. 

At the time of this rectal examination the bladder showed no 
evidence of reaction at any volume up to1,200 c.c., so that involuntary 
micturition had failed. | 


Case 10.—P. O., aged 40, under the.care of the late Dr. Collier. Fracture 
-dislocation of 11th thoracic vertebra. Extensive damage to spinal cord from 
D 7 segment downwards. Residual reflex activity of sacral segments. 

In 1915 he fell 88 ft. with immediate losa.of power and sensation up to the 
level of the chest. Retention of urine for two weeks, thereafter incontinence. 
Power of legs gradually improved and sensation reappeared to some-extent on 
body and right leg. In 1916 retention of urine necessitated catheterization 
for two to three weeks, after which he gained soma ability to pass and control 
it. Bowels very constipated with precipitant evacuation after taking purga- 
tives. Perforating ulcer and osteomyelitis of left tarsus for eight years. There 
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was slight spasticity of the extensors of both hips and knees. The calf muscles 
were flaccid. There was wasting of both calves and of both glutei. The 
abdominal reflexes were present on both sides, the knee-jerks both brisk, the 
right ankle-jerk present, the left absent. Both plantar responses extensor. 
Anal reflexes present. There was slight loss of sensation to touch, pain and 
temperature from D 7 to L2 segments, and complete loss to all forms over the 
remaining lumbar and all sacral segments. X-ray revealed a crush fracture of 
the 1st lambar vertebra. 

Distension of the rectum resulted in a moderately high rise of 
pressure followed by a small induced secondary wave (fig. 58), and 
pucceeded by a slight degree of plastic adaptation. Inflation of the 
sphincteric recorder resulted in a high curve of pressure increase with 
good adaptation at high distension (fig. 20). The sphincteric record’ is 
jerky throughout, and this jerkiness was readily identified with a jerky 
tonic contraction of the whole voluntary musculature of the perineum. 
From the rapidity of the contraction and relaxation of each jerk this 
feature appeared to be directly referable to a slight and flickering tonic 
contraction of the external voluntary anal sphincfer. A cutaneous 
stimulus to the thigh or sacral skin segments evoked an immediate 
rapid increase of pressure in the.sphincter ani and movement of levator 
ani. Movement of the recorder within the sphincter, even its rotation 
through some 19 to 15°, resulted in a similar sudden jerk of contraction 
in the sphincter and rise of all pressures from contraction of the levator 
ani. * 

Distension of the rectal balloon produced a well-defined but small 
relaxation of the pressure in the sphincter, while distension of the 
intervening segment evoked well-defined relaxation (fig. 60, b) with 
slow rise of rectal pressure and later powerful and rhythmical fluctuations 
(fig. 61). These were associated with an earlier rise of pressure in the 
sphincter: (fig. 61 at d) and relaxation beginning at or near the crest 
of each wave of rectal pressure (fig. 61, 6) coinciding with the onset of 
evacuation. The same rises occurred with spontaneous Teata] con- 
tractions, as in fig. 59. 
` Inflation of the recorder in ‘the sphincter to a moderate volume 
resulted in a high immediate resistance, followed, after a small “hump,” 
by a trough of relaxation lasting some fifteen seconds. A small wave of 
‘rectal contraction often appeared, and then the initial peak was followed 
by an uninterrupted and more prolonged relaxation: (fig. 60, a). 
Insertion of the recorder also elicited a ae conecucn J the 
rectum (fig. 58, c). 

The bladder reacted briskly to distension and — isolated reflex 
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micturitions could be readily provoked at volumes of 250 to 350 c.c. 
The external vesical sphincter was active. 


Case 11.—E. W., aged 48, under the care of Dr. Hinds Howell. Mildly 
spastic paraplegia of undetermined cause. Pronounced hypertonia of anal 
sphincter. 

Progressive stiffness, trembling, weakness and coldness of right leg for eight 
months, and trembling of the left leg for six months before admission. 
Numbness around the left ankle for three weeks. Right hand shaky, dry 
and cold for five days. Micturition: for two months urgency and frequency 
with precipitant evacuation which he is unable to control. If he attempts to 
pass without first feeling the desire he has to strain. Severe constipation. 
Urging and straining necessary to get the motion into the back passage and 
when there it will go no further. So he presses with his finger (between coccyx 
and anus) and so extrudes the motion. After taking a purgative he feels desire 
for defecation continually for about two days, fealing as though the bowel is 
douded and should be emptied, but unable to defsscate when this was attempted. 
Examination revealed optic nystagmus, and impairment of alternating 
movements of the right upper limb. Weakness of flexion movements of both ' 
lower limbs with definite increase in tone of extensors in the right; slight 
increase in the left. Fibrillation observed in calves. All deep reflexes 
very active. Abdominal reflexes absent. Plantar responses right extensor 
with reflex flexion of the limb, left indefinite. Slight loss to all forms of 
sensation over skin segments § 3, 4 and 5, more definite right than left. 
Vibration slightly reduced over right malleolus. Right hand colder and drier 
than left, probably due to vascular causes. The cerebrospinal fluid was 
normal. | 


Though the exact nature of the nervous lesion in this patient is 
obscure he is included in this series on account of his possession of an 
extreme degree of resistance of the anal sphincter. Inflation of the 
rectal balloon revealed a high degree of maintained rectal tone, .and 
large secondary waves followed each increment of 10 c.c. beyond 
80 c.c. (fig. 68). These secondary waves possibly involved the whole 
rectum, for they appeared in the intervening segment. With 50 c.c. of 
air in the rectal balloon slow rhythmical waves occurred at intervals of 
thirty to fifty seconds. The anal sphincter was extremely resistant to 
distension (fig. 21), and also showed high degree of recovery of tone 
with each step of deflation of the sphincter recorder. When the tension 
within the sphincter passed 50 cm. of water, fluctuation of the pressure 
appeared, and in continuous record was seen to be due to spontaneous 
relaxations of the anal sphincter occurring at intervals of sixty to ninety 
seconds (fig. 63, c, f). Inflation of the rectum brought about relaxation 
of the sphincter only when it coincided with the appearance of one of 
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these spontaneous relaxations—which then became immediately deeper. 
Inthe intervals the sphincter appeared resistant to this effect (fig. 63, a,d). 
Passive increases of abdominal pressure were also without effect (fig. 64, 
m, 0). . Small waves of increase of pressure in the rectal balloon usually 
accompanied each spontaneous relaxation of the sphincter, and as these 
increased in size when the rectum became more active the commence- 
ment. of each was seen to occur some five seconds earlier than the 
corresponding relaxation of the sphincter. ` 

Progressive filling of the intervening segment with fluid brought 
about a gradual rise of rectal pressure surmounted by a series of slow 
contractile waves, and the sphincter ani relaxed more deeply when each 
of the rhythmical fluctuations became due (fig. 64, g, i) and at other 
times more slightly in accompaniment with waves of rectal contraction 
(fig. 64,h,7). In spite of increasing rectal distension evacuation occurred 
only with the first relaxation of the sphincter. Stimulation of the sole 
of the foot evoked only a brief phasic contraction of the sphincter 
` (fig. 64, b, g), and any delayed effect was lacking, suggesting that only 
the external striped ‘sphincter had contracted. Movement of the 
recorder in or out within the sphincter also evoked this brief contraction 
without affecting the tone of the involuntary sphincter. 

The reaction of the urinary bladder to distension was depressed. A 
series of small waves of vesical pressure appeared at 400 c.c. and resulted 
in dribbling micturition. The external vesical sphincter contracted with 
stimulation of the sole of the foot. 


V.—TuHe NORMAL REOTUM AND ANAL SPHINCTER. 


Two normal subjects without history of nervous, vesical or rectal 
disorder were investigated by the method we have used in the foregoing 
experiments. As our findings were identical in the two they need not 
be treated separately. 

Distension of the rectal balloon when it lay some 7 to 10 cm. above 
the anal sphincter; encountered an initial resistance which fell 
immediately the volume became constant (fig. 65, 66, 70 at a). There 
occurred a.small wave of induced rectal contraction, succeeded by a fall 
to a low maintained tension. When sensation of desire to defecate was 
present the secondary induced contraction was found to be present, but 
not large, and maintained tonic level high (figs. 65, 66). When such 
desire had been successfully postponed the rectal balloon tended to move 
‘inwards to a higher level where tonic contraction was feeble, and the 
secondary contraction induced by distension was faint or absent. -When 
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moved down to proximity to the sphincter, secondary contractions again 
continued to be elicited, as in fig. 70. Without radiological control we 
are not certain of the exact anatomical relationship of this inactive. 
region, apart from its lying beyond 15 cm. within the sphincter. With 
the appearance of an induced wave of contraction the pressure in the 
intervening segment rises concurrently (fig. 70). 

The graphs of resistance of the sphincter ani to distension (figs. 22, a, 
and°23) gave low curves with well-developed plastic adaptation in most 
of the experiments. As we had hoped to obtain records of the pressures 
during evacuation of fæces, desire for defecation was present at the 
time of distension. Under other circumstances the curve is much 
higher, so that the later part of the manometer tracing passed beyond 
our recording paper (fig. 22,0). No slow rhythmical fluctuation was 
observed at any level of distension. The reaction to sudden moderate 
distension took the form of a sharp peak followed by relaxation, which 
has a “hump” of late contraction before reaching a maintained level 
(fig. 10). It is without the high initial resistance of the sphincter of 
spastic lesions, or the rhythmical later rise of the cauda equina lesions. 

The character of the record differs markedly according to the portion 
of the sphincter ani most related to the recorder. If, for instance, the 
recorder is moved from within the rectum outwards in a series of steps, 
the first rise of pressure as intrarectal pressure ceases to be recorded is 
smooth in general outline, and pulse beats are observed on it (fig. 65, 
ato b). When the recorder is moved 1 cm. further out, the pressure 
rises, but the general characteristics of the curve are the same 
(fig. 65, btoc). One cm. further out the rubber portion begins to become 
visible externally, the pressure rises a little higher, and the tracing 
presents small irregular jerkings (fig. 65,c tod}. On moving it still 
further out, the pressure falls. slightly (fig. 65, d to e), and then the 
record becomes irregular and jerky and requires to be held rigidly to 
prevent its extrusion (fig. 65, eto f). The jerkiness is much less obvious 
if the subject is lying supine, and is then found. to become reasserted 
with any abdominal movement. In the lateral posture it may readily 
be ascertained by digital examination to be exactly related to the small 
ring of muscle which contracts during voluntary restraint, the external 
voluntary sphincter. _ The small jerky contractions are found to be a 
tonic contraction of this sphincter, associated with tonic contraction of 
the pelvic floor in fulfilling the function of tonic regulation of intra- 
abdominal pressure. Thus the movement of a limb, necessitating some 
fixation of the trunk, immediately throws the pelvic floor and the external 
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sphincter ani into contraction (fig. 68). It may also be observed that 
this sphincter, which lies distinctly external to the tonic portion of the 
sphincter ani, is in general not contracted, though readily thrown into 
maintained contraction by the synergic movement above mentioned, or 
by voluntary effort. A sudden moderate distension of the recorder when 
related fo the outer portion of the sphincter ani elicits a large jerk of 
contraction in the-external sphincter, but the subsequent relaxation of 
the curve is that of the internal sphincter with the superimposed irreehlar 
contractions (fig. 11). 

Sudden distension of the sphincter or — within it stimulates 
& rapid momentary contraction of the levator ani as well asof the 
external voluntary portion of the sphincter. No contraction of the 
rectum was observed to be stimulated. Inflation of the rectal balloon, 
on the other hand, induced a well-defined relaxation of the inner tonic 
sphincter (fig. 69) in all other respects identical in type with that seer 
after lesions of the cauda equina. If the sphincter recorder be further 
out, and registering some jerky contraction: of the external sphincter, 
inflation of the rectal balloon then evokes but faint relaxation (fig. 66, 
at a) attributable to the portion of the recorder still compressed by 
internal sphincter, while the twitching external sphincter remains 
unaffected. The relaxation of the internal sphincter produced by a given 
inflation of the rectal balloon was greater if desire for defmcation were 
present, and absent if the rectal balloon had moved high in the rectum. 
The internal anal sphincter is found to show this type of relaxation after 
an effort to defecate by straining (fig. 73), and following the sudden rise 
of abdominal pressure during & cough. 

Distension of the intervening segment with a small amount (20 c.c.) 
of fluid results in rapid and prolonged relaxation of the internal sphincter, 
and with only slight and mainly passive rise of rectal pressure (fig. 71). 
If the filling is progressive and the rectal balloon previously inflated, 
automatic defæcation occurs (fig. 74). The subject:is aware of imminent 
defeacation, and if he does not influence it by straining, a series of large 
waves of rectal pressure, with small relaxations of the sphincter accom- 
panying them, occurs (fig. 74). These relaxations show reciprocal 
relationship with the rectal contractions. The jerky external sphincter 
continues irregular twitching throughout the relaxation. An occasional 
larger involuntary twitch of the perineum is a as at 6, 
fig. 74. 

Voluntary restraint of evacuation was seen as an abrupt contraction 
of the external. sphincter, On one occasion, shown in fig. 75, the rectal 
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contraction subsided during the onset of voluntary contraction of the 
external sphincter, and following cessation of the restraining effect there 
was very little further evacuation and no further rectal contraction. 
The wave shown here was the last of a series of such waves evoked by 
distension, identical in shape with the others, and the rectum had been 
emptied by the evacuation, so that we do not believe that it has been 
unduly curtailed. Even when the effort was prolonged for some thirty 
secohds, there was never observed any direct damping of the rectal 
contractions, which would subside gradually after continuing for a 
considerable period. They subside in similar fashion if the rectal 
contractions are not sufficiently strong to overcome the obstruction of 
the sphincter by the recorder. Voluntary restraint is also without effect 
on the internal sphincter, for immediately a restraint is relaxed the tone 
of the internal sphincter is found to have continued its activity before 
the restraint (as in fig. 74 at g). Voluntary effort to defecate without 
abdominal.contraction was completely without effect on the rectum and 
internal anal sphimcter, even when on one occasion some 250 c.c. of 
warm fiuid had been run into the intervening segment (fig. 76c). That 
this procedure, though bringing no sensation to the subject, was not 
without some effect was shown by the finding that sudden distension 
of the rectum now induced an exceedingly brisk contraction of the 
rectum, and relaxation of the sphincter had become exceedingly brisk, 
whereas before they had been sluggish. 

The solidity of normal fæces renders pressure observations during 
normal defecation difficult to obtain. On one occasion spontaneous 
defecation after colonic distension was recorded and rectal contractions 
and, relaxations of the sphincter similar to those obtained by filling the 
intervening segment were seen, but the waves of rectal pressure reached 
well over 120 cm. and the passage of solid fæces disturbed the placing 
of the balloon. A brisk terminal contraction of the levator ani is an 
interesting feature. The passage of flatus is also accompanied by a 
similar series of events, though the rectal pressures were often very 
high indeed (over 150 cm.). Waves of rectal contraction were also, 
observed during micturition but were not associated with any relaxation 
of the sphincter ani. 


VI.—THE PERIPHERAL AUTONOMY OF DEFAOATION FOLLOWING 
DESTRUCTION OF SAacRAL INNERVATION. 


Following accident or disease which brings destruction of the 2nd, 
3rd and 4th sacral motor roots on both sides all evidence of any capacity . 
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of rapid contraction or relaxation in the sphincter ani vanishes. The 
reactions which we have observed and figured in Cases 1, 2, 3, and 4 
are extremely slow in both increase and decrease in tension. There is 
no apparent effect of voluntary effort to relax or contract the sphincter, 
and stimulation of the skin is without result. The highly sensitive and 
rapidly contracting external voluntary sphincter is not in functional 
evidence. Arloing and Chantre [1, 2] and Elliott [9] have described 
the slowness with which this muscle loses its striation following depri- 
vation of its motor nerve supply. They further find that response to 
faradic stimulation remains indefinitely after such degeneration. As it 
is also described that such contraction in response to faradization, having 
commenced at one point, spreads to the musculature of the whole 
perineum [9] it appears very likely that this persistent feature is related 
not to the striped musculature, but to the involuntary muscle and closely 
related autonomic plexus which is intimately mingled with the fibres of 
the external sphincter (Roux [32]), and invests the whole pelvic floor. 
There is no evidence that the external sphincter refoains tonic. We 
nave in Case 2 observed in correspondence with relaxation of the anal 
sphincter, a relaxation of the surrounding pelvic floor with exactly 
similar slowness of duration. We therefore believe that, while the 
striped portion of the anal sphincter may be slow to lose histological 
structure as a result of nerve lesions, it plays no part in the reaction of 
the sphincter in these cases. 

We may conveniently first consider the “tone ” of the non-striped, 
involuntary anal sphincter, as seen in the cases of lesion of the roots of 
the cauda equina. Sherrington [35] has defined the general nature of 
the postural tone of muscle as a reaction to stretch, and pointed the 
application of this generalization to such phenomena as adaptation of 
the urinary bladder to the volume of its contents. This property of 
adaptation in the case of the bladder, originally described by Mosso, we 
have ourselves observed [7,8], and found that increasing tension excited 
increasing contraction of the detrusor musculature, while constant 
tension excited less contraction. Increase of tension is a more powerful 
stimulus than constant tension. Following increase in volume an 
adaptation of posture, with fall of internal pressure, is therefore the 
direct result of lessening of the stimulating value of stretch. With 
gradual increase to large volume of vesical content the contractions of 
the detrusor also tend to fluctuate, and here a further factor of periodic 
voluntary and involuntary suppression of the vesical reaction occurs and 
complicates the fundamental postural tonic reaction. Nevertheless at 
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such volumes, and to less degree at smaller volume, a:sudden powerful 
increase in tension is followed by transitory depression of subsequent 
postural tone, so that tension as a stimulus may have directly opposed 
effects. 

The reaction which the sphincter ani presents, following sudden 
moderate increase in the volume of its content, takes the form of a sharp 
initial peak of increased pressure followed by a rapid relaxation to a low 

= pressure for ten to twenty seconds, followed in turn by a gradual rise 

to a higher level (figs. 3, 7, 26). The later rise usually shows super- 
added small fluctuations at intervals of five to ten seconds which fade 
gradually, leaving a residual steadily-maintained pressure, which is the 
postural tone of the muscle. Immediately the initial resistance is over- 
come, adaptation to the fresh tension has commenced by a relaxation 
followed by increase of tone. This form of curve was constantly present 
ih the sphincters of patients with cauda equina lesion, and the early 
relaxation and later development of tonic contraction are readily palpable 
on digital exploratton of the sphincter. Momentary passive increase of 
tension induces the same early relaxation although the volume is not 
changed for more more than two seconds (figs.4and5). These changes, 
consequent upon distension, may therefore be related directly to a 
momentary resistance of the involuntary muscle to a sudden stretch, 
followed by @ maintained contraction of the muscle upon its contents. 
Some small part of this general reaction is certainly due to the purely 
visco-elastic nature of the tissues concerned, but that the remainder is 
an expression of active muscular contraction is clearly demonstrated by ` 
two further reactions. These are, first the ability of changes at a 
distance to induce momentary and almost complete relaxation, and 
secondly the spontaneous and often rhythmical fluctuations in the 
resistance of the sphincter. Such passing fluctuations form no part of 
the reaction of non-contractile tissues. 

The relationship between the amount of distension of the sphincter 
and the level of residual maintained contraction and the relationship of 
this to the degree of initial resistance is illustrated by plotting both 
these pressures for each 1 c.c. of distension of the recorder. It will be 
observed (figs. 12 to 15). that both pressures increase with increase in 
volume of content of the recorder. After a certain degree of distension 
the adaptation after each increment of distension is such as to maintain 
the resistance within comparable level over a wide range of distension. 
Between volumes of 5 and 20 c.c. in our recorder the pressure exerted. 
by the sphincter is largely “ plastic ” and adaptive. From case to case 
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wide differences are seen, so that this adaptation takes place at a much 
higher level of pressure in Case 1 than in Case 4 and this higher than in 
Case 3. Comparable differences in general resistance of the sphincter 
are seen in the same patient, as in Case 2 (fig. 13, a and b), here being 
determined by distension of the urinary bladder. Palpation of the 
sphincter showed that lowness of the curve reflects that softness of the 
sphincter commonly called “patulous’’ (though not actually gaping), 
and that this condition of resistance is by no means constant in cases of 
cauda equina lesion. 

The reaction of the sphincter ani to sudden distension is, therefore, 
twofold, an immediate relaxation, and a delayed re-assertion of tonic 
contraction. The latter is presumably present from the commencement 
of distension, but at first is overshadowed by the former. There is 
evidence [34, 6] that the postural tone of striped muscle is an equilibrium 
between exitation and inhibition, both induced by tension on the muscle, 
and that when a sudden increase of tension is made the latter 
predominates, giving rise to the “lengthening reaction.” The anal 
sphincter presents, therefore, a directly comparable reaction, though in 
the patients here considered the central nervous system does not appear 
to be concerned. A sudden reduction in content is followed by gradual 
restitution of tonic contraction at a fresh level of length of muscle 
fibre (fig. 6) directly comparable to the “ shortening reaction ” of striped 
muscle. The posture for the sphincter is determined by tension upon it 
and stretch is the adequate stimulus for postural “ tone.” 

Sudden inflation of a balloon within the rectum by a small amount 
of air is accompanied by an immediate rise of pressure within the balloon 
followed by commencing sharp relaxation to a lower level of maintained 
contraction. Further sudden increment of volume in the balloon results 
in further sudden rise of pressure, followed by a slow wave of contraction 
commencing within two seconds after the distension, so that the 
eventual resumption of a slightly higher tonic level is delayed. 
Additional increments in volume excite larger induced waves of rectal 
contraction. Where the pressure of fluid in the segment intervening 
between rectal balloon and anal sphincter was recorded as well, it was 
evident that, apart from slight effects transmitted directly from the 
balloon to the fluid, the rectal wall of the intervening segment partici- 
pated directly in these induced waves of pressure upon the rectal balloon 
when, they were large. With small responses only the distended 
segment showed the contractile wave. There was no evidence of 
fluctuation travelling towards the anus from the distended region. The 
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residual level of maintained contraction at the level of distension, as in 
the sphincter ani, increases in proportion to the degree of distension. 
A segment of the rectum, therefore, reveals a comparable postural 
relationship to that of the sphincter, except that the phasic disturbance 
induced by sudden distension begins, not with relaxation, but with a 
wave-of contraction when postural tone is high. The wave of contraction 
may under these circumstances also be induced with ease by a 
momentary increase of tension such as a transient pressure through the 
abdominal wall, and its latency, then more accurately estimated, is 
found to be 1'2 to 1°8 seconds from the onset of increased tension. Any 
inhibitory effect derived from stretch of the rectum is not evident, as 
also is the case in similar waves induced in the urinary bladder [8]. 
The induced wave of rectal pressure was more readily: obtained when 
the balloon was low in the rectum (cf. Case 2), but the movement of the 
balloon may have altered the condition of the whole rectum. At times 
the wave was obtained when the balloon. was thought to be very high. 
The maintained level of postural tone in both rectum and anal sphincter 
presents fluctuations. Some of these are in the form of brief waves at 
short intervals, and these usually occur when the tonic contraction is 
settling down to a fresh level following some induced change, as in 
fig. 26. Others are in the nature of slow fluctuations at long intervals, 
more commonly seen in the sphincter ani and elicited by full distension. 
They occur in the sphincter when the rectum is empty, and when the 
rectal balloon is distended fully the more frequent waves of pressure 
observed in it are enhanced in size in the phase of relaxation of the 
fluctuating sphincter. The fluctuations in the sphincter can occur 
without evidence of parallel changes in rectal pressure. 

In 1877, Gowers[15] -published a series of observations on the 
behaviour of the sphincter ani in two. cases of transverse lesions of the 
spinal. cord and one complete lesion of. the cauda equina. He recorded 
the contraction of the sphincter in response to insertion of a hollow 
rubber recorder, and in response to inflation of the rectum with air, and 
demonstrated the fall in tone of the sphincter after the latter procedure. 
He found no difference in the two types of lesion, so that it is surprising 
to find in all the editions of his later book [16] the statement that “if 
the lumbar centre is inactive there is momentary contraction and then 
permanent relaxation °” of the sphincter in response to its distension. 
With the later statement we are unable to agree. 

. Distension of the intervening segment with fluid, the rectal balloon 
and sphincter recorder being already moderately distended, resulted in 
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the appearance of an isolated rise in rectal pressure, or a premature 
larger rise if spontaneous fluctuation has been occurring. Immediately 
the inflow is ceased the pressure within the intervening segment is 
itself -found raised. Later development of the wave in the balloon 
possibly represents ascending spread of contraction from the locus of 
distension, as in fig. 26 at m, n and o. Such evidence of progressive 
contraction is rare, and most usually rhythmical contractions once set 
up occur contemporaneously in the region of rectal balloon and the Huid 
in the intervening segment. We have not experimented with two 
separate balloons, which would perhaps reveal travelling waves of 
contraction more frequently. 

Distension of the rectal balloon induces deep relaxation of the tone 
of the sphincter. The presence of a wave of contraction in the rectal 
segment which is distended is attended by deeper relaxation of the 
sphincter, but is not essential for its presence.. Movement of the balloon 
within the rectum also induced relaxation of the sphincter, but deflation 
of the rectal balloon is without any effect. This reaetion becomes more 
striking if a wider area of rectal wall be subjected to tension by the 
introduction of fluid into the intervening segment. There then ensues 
a contraction in all segments of the rectum recorded, with deep relaxa- 
tion of the sphincter, and fluid is evacuated. Continued introduction of 
fluid results in the appearance of regular fluctuations in rectal pressure 
with reciprocal relaxations of the sphincter (figs. 2 and 33). Intermittent 
evacuation may become continuous in the full development of this 
reciprocal process, by partial fusion of the waves of rectal contraction. 

The reciprocal relationship which holds between rectum and anal 
sphincter is therefore the basis of a mechanism which can secure 
co-ordinated evacuation. The series of events seen in fig. 2 appear to 
us adequately to constitute the performance of the antomatic co-ordinated 
and intermittent defsscation readily observed to occur in these patients. 
The stimulus for its occurrence is distension of the rectum, and sufficient 
relaxation of the sphincter to allow some passive evacuation of fluid 
under its own pressure does not occur unless active reciprocal contraction 
of the rectum provides the driving force of the reaction. For the 
evacuation of solid fæces more powerful contraction of the rectum would 
appear necessary. The presence of contraction of the rectum in reponse 
to distension of the rectal balloon in Case 2, with lack of powerful rectal 
contraction when the intervening segment was distended, is interpreted 
as evidence of imperfect and partial development of automatic defecation. 

Automatic defeacation in patients suffering from destruction of the 
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sacral innervation of the rectum appears to be the counterpart of that 
described in animals where the sacral segments of the spinal cord have 
been destroyed [14], and also where the more extensive destruction of 
cord has removed fhe connection of the rectum and sphincter with 
the nervous system via the sympathetic nervous system (hypogastric 
nerves) [27]. The remaining nervous mechanism is that peripheral 
ganglionic plexus related to the wall of the rectum. The reciprocation 
between rectum and sphincter which we find to be induced by inflation 
of a segment of rectum at a distance from the sphincter appears to be of 
necessity nervous in origin. As with the similar reciprocation observed 
in the reaction of automatic micturition [8] the nervous mechanism 
concerned requires a peripheral sensori-motor reaction of reflex kind, 
foreign to the conception of the sympathetic nervous system as a purely 
efferent system. That such a peripheral “reflex” is not altogether 
Beyond possibility in relation to parasympathetic ganglia is demonstrated 
by similar phenomenon of the myenteric reflex in the intestine. In 
invertebrates smocth muscle without nervous tissue is stated to react 
to stretch by contraction [4] and propagated waves of contraction are 
observed in intestine subjected to the action of nicotine [86], so that 
the postural tone described in the rectum and sphincter cannot with 
certainty be described as of nervous origin. Nevertheless, the spon- 
taneous concurrent rhythm of fluctuation without phase difference in 
different parts of the sphincter, and the relaxation of the sphincter 
brought about by distension of a distant portion of the rectum necessitate 
the integrating activity of a peripheral nervous plexus. 


VII.—THE REGULATION OF DEFHOATION BY THE CENTRAL NERVOUS 
SYSTEM. 

-Whether the rectum and sphincter are innervated by the rectovesical 
plexus alone, or with the addition of reflexly active spinal segments, or 
in full communication with the whole nervous system, a simple suto- 
matic co-ordinated reaction may in them be demonstrated. A rapid 
increase in the rectal content is followed by a passing fall of tone in the 
sphincter. A slower but progressive increase of rectal content leads to 
its actual evacuation of rhythmical contraction of the greater part of 
the rectum, and more prolonged and rhythmical relaxation of the 
sphincter. 

Both these reactions, of which the first is but a fraction of the 
second, we have demonstrated in the rectum deprived of sacral inner- 
vation, these forming the basis of the clinical phenomenon of “ automatic 


INVESTIGATION OF THE NERVOUS CONTROL ‘OF DEFAOATION 289 


defecation.” Their form when the rectnm and sphincter are controlled 
by the central nervous system appears to have undergone only quantita- 
tive change; the mechanism of these reactions still may be regarded as 
local. The integrity of the spinal and central pathways, though not 
essential for the performance of elementary automatic defecation, has 
nevertheless a certain degree of influence upon it. The approach of the 
analysis of these effects appears most readily to be made in first con- 
sidering alterations in the postural tone of the rectum and sphincter, 
and later the phasic reactions to passing stimuli. 


The Postural Tone of the Sphincter Ani and Rectum. 


Digital palpation of the sphincter ani evokes a much greater initial 
resistance in cases with intact sacral innervation than where a lesion of 
the cauda equina has destroyed this innervation. Such examination is 
imitated by a sudden moderate distension of the sphincter recorder, and 
the additional resistance of the former cases is seen in such records as a 
high initial peak followed by a “ hump ’”’-shaped initial delay in relaxation 
(igs. 8, 9 and 10). The high initial resistance is here, by digital 
exploration, readily identified withthe presence of momentary contrac- 
tion of the external voluntary sphincter in response to movement within 
the anus (figs. 38 and 65). When this initial brief resistance is passed 
some delay in further. relaxation is appreciable to careful digital 
examination. It is variable in degree of development and appears to 
be a slow wave of contraction in the involuntary portion of the sphincter 
which obscures the earlier portion of a relaxation, which otherwise 
resembles that observed in cases of cauda equina lesion. This “hump” 
of delayed contraction was more prominent when associated with a 
higher curve of reaction to gradual distension (cf. Cases 6 and 9). If 
our surmise that the postural tone of the sphincter is an equilibrium 
between relaxation and contraction, both induced in the sphincter by 
tension upon the muscle, be correct, the appearance of the hump of 
induced contraction in “hypertonic” sphincters may be interpreted as 
enhancement of the, excitatory element. It was observed in the 
sphincters of cases of cauda equina lesion when highly tonic. 

Gradual distension of the sphincter by small increments does not 
elicit either contraction of the external sphincter or the hump of delayed 
relaxation, and is therefore a more true measure of the degree of 
development of postural tone. Comparison of the graphic representation 
of resistance, of the sphincter in states where the sacral segments are 
reflexly active (Cases 6 to 10, figs. 16 to 21) with those seen after canda 
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equina or conus lesions (Cases 1 to 5, figs. 12-to 15) reveals no obvious 
and constant feature. of difference in maintained postural tone. The 
- reaction of the sphincter in any one case usually remained within com- 
parable limits for the duration of our experimental investigation, and on 
the occasions when the same patient was examined on different days. 
Occasionally we found changes during the experiment which strongly 
suggest that over periods of several hours fluctuations of state were 
occurring. The different shapes of curves may therefore over-emphasize 
transient, but slow, differences. We have found two causes of such 
variation, the one being distension of the bladder, the other distension of 
the upper rectum and probably pelvic colon. We have already 
commented upon the rise in postural tone in the sphincter in Case 2, 
resulting from relief from distension of the bladder (fig. 13), and the 
raised tone of the sphincter immediately following evacuation of the 
rectum may be indicated (figs. 34, 52 and 62). In Case 9 it will be 
observed that whereas continued inflow of fluid into the intervening 
segment elicited at. first deepening of the relaxations of the sphincter 
and the appearance of rhythmical contractions of the rectum (fig. 57, a 
to g), these changes later subsided and the sphincter adopted a general 
lowering of tonic contractions. By this time the large volume of fluid 
injected, the abdominal discomfort of the patient, and: gurgling sounds 
within the abdomen gave evidence of distension of the distal colon. The 
initial response of automatic defecation had here given way to a passive 
state allowing retrograde distension of the colon, associated with a 
lowered postural tone of the sphincter. The reverse of this change is 
illustrated in the experiment on Case 6, in whom a soft “ patulous”’ 
sphincter became extremely resistant following the evacuation of a very 
large amount of soft fæces (fig. 17, a and b). The rectum remained 
still partly distended, even when the sphincter became more resistant, 
and therefore distension of the pelvic colon might be in part presumed 
responsible for the earlier low curve. The Icwness of the curve in 
Case 5 is also probably in greater part due’ to distension of the lower 
bowel. Bo also the resistance of the sphincter of the normal subject to’ 
distension was sometimes very high when there was no desire for 
defescation (fig. 22, b). Garry [11] has demonstrated that, in the cat, 
movement in the pelvic colon evokes relaxation of the rectum and anal 
sphincters, and that this effect is sbolished by section of the pelvic 
nerves or by a spinal anesthetic. Such abolition in an acute experiment 
does not, however, establish the effect as a spinal reflex, and, as has 
been described above, the’ cases of cauda equine lesion after subsidence 
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of spinal shock reveal a similar reaction from the upper rectum. In 
our own experience, laxity of the anal sphincter appears to be the tonic 
effect of continued colonic distension of moderate degree. The effect is 
certainly more active in the cases of transection’ of the spinal cord. 
The resistance of the internal sphincter therefore reflects the degree of 
distension of the lower bowel and rectum. 

Apart from these transient changes there appears to be a more 
durable phenomenon to be associated with “ hypertonia’’ of the sphineter. 
This is an increased resistance of the sphincter to the relaxing effect of 
sudden rectal distension, reaching greatest development in Cases 9 and 11 
(figs. 56 and 63). In Case 11 this tightness of the sphincter had become 
a leading complaint of the patient. The high curves in both these 
patients (figs. 19 and 21) might appear to represent therefore not a 
transient state of evacuation of the distal bowel, but a “ hypertonia’’ of 
the sphincter persisting in spite of distension of the rectum. Parallel 
with the lessening of the effect of sudden distension of the rectal balloon 
upon the sphincter, there was deficiency and delay in the manner in 
which the sphincter relaxed and the rectum contracted in response to 
distension of the intervening segment with fluid in these two cases. 
In Case 9 this can be attributed to the poor reaction of the rectum 
resulting from failure of the spinal reflexes. In Case 11 good immediate 
contractions were obtained by sudden distension of the rectum, but 
without effect on: the sphincter, though the reaction to progressive 
distension was also poor. The obscure character of the spinal lesion in 
this case, revealing some evidence of intramedullary damage to the 
conus medullaris, is unsatisfactory for close analysis. We have included 
it in the present series to demonstrate the extreme example in our 
experience of hypertonia of the sphincter. Reflex activity in the 
voluntary musculature in this case was slight, so that it does not appear 
possible to relate the tonic resistance of the sphincter to undue reflex 
enhancement. Such a state differs from the others only in degree, for 
the reaction of the rectum to general distension is poor, while reaction 
to inflation of one segment remains good. This dissociation resulting 
from partial degree of recovery has been seen in Case 2, resulting there 
from a lesion of the cauda equina. 

It becomes clear that if is in conditions where the rectum is capable 
of active contraction, and is distended, that the internal anal sphincter is 
of low tone, extremely plastic, and soft to digital exploration. In the 
same cases evacuation of the rectum, of the bladder, or of the pelvic 
colon, brought about a return of high tone to the anal sphincter; there 
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is then no obvious difference from one type of lesion to another. So. 
also the sphincter of the normal subject may be as patulous as that 
following complete cauda equina lesion if the subject has desire for 
defescation. The tone of the sphincter ani reflects the degree of activity 
of the rectum at the time of examination, but ite essential and particular 
mechanism remains identical whatever the nervous lesion. The 
commonly “ patulous ” sphincter of cases of established transverse spinal 
andcauda equina lesions is therefore the clinical sign of the dyschezia 
from which they suffer. The mechanism of the tone of the sphincter is 
independent of the central nervous system. 

The spontaneous fluctuations at long intervals which characterized 
the high tone of the sphincter ani, as in Cases 1,9 and 11, had no 
corresponding rhythm of fluctuation in the rectum until the latter was 
well distended. ‘If the sphincter were not distended no corresponding 
rhythm appeared in the rectal balloon even at high pressure. The 
propagation and reciprocal nature of the dominant rhythm convince us 
of its nervous origin, and illustrate in our view that that portion of the 
hemorrhoidal plexus which governs the sphincter ani here dominates 
the remainder. Rhythmical contraction of this kind has been observed 
frequently in the sphincter of the spinal animal in response to the 
introduction of a foreign body (Goltz [13], Sherrington [33], and 
Ott [80]). i 

Although the reaction of the rectum to sudden or progressive dis- 
tension undergoes notable changes, its tone or maintained resction to 
different degrees of distension is within close limits in all cases examined. 
The presence or absence of spinal reflex activity does not appear to be 
associated with any change in the postural tone of the rectum. 


Spinal Reflex Activity. 

In states of high tonic activity of the anal sphincter the reaction to 
distension of the rectal balloon, believed to be a fraction of “automatic 
defwcation,’’ is less readily obtained. It might appear to be hampered 
by an undue tonicity, or heightening of the reaction of the sphincter to 
distension. We have found the condition to be a reflection of a state 
of rectal inactivity which appears to be the result of incomplete 
recovery from the initial effect of the spinal lesion, and not related to 
the level of the lesion. 

On the other hand reflex activity of the sacral segments of the spinal 
cord brings qualitative additions to automatic defwcation. In the first 
place the response to gradual progressive distension of the rectum 
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develops more slowly, and’takes the form of a more prolonged rise of 
rectal pressure, surmounted by smaller waves. This larger contraction 
is accompanied by similar prolonged and deep relaxation of the sphincter 
ani.’ This type of response, seen in figs, 51 and 61, often will not 
develop until some 800 to 1,000 c.c. of fluid have distended the lower 
colon as well as the rectum, though the lesser grades of distension excite 
small waves of rectal contraction and corresponding relaxation of the 
sphincter. The mechanism of rectal contraction here’ possesses "an 
inertia which delays its commencement but increases its eventual 
force. This delay in development closely resembles the similar manner 
in which the bladder of reflexly active spinal states begins to react to a 
larger volume than that following cauda equina lesion. It would appear 
that spinal connections mildly checked the local automatic activity up 
to ® point beyond which a reinforcing activity appeared. 

Besides this change in the nature of the response it was found that’ 
when the rectum was but slightly distended a variety of stimuli were 
capable of evoking this more massive reaction. Sudden passive increase 
in intra-abdominal pressure, movement within the sphincter and to a 
less degree within the rectum, and nocuous stimulation of the skin of 
the sacral segments were found to be effective ag provocative stimuli. 
The first of these by increase of intra-rectal tension may be regarded as 
of the same order as increase of rectal content, and reveals that passive 
stretch is the adequate stimulus to excite the more powerful and inte- 
grated defæcstion seen in these patients. We regard this co-ordination 
of defecation by the spinal segments as “reflex defsscation,” and com- 
` parable to the spinal co-ordination of “reflex micturition ” as we have 
defined it in the urinary bladder [8]. The definition of this type of 
rectal response from the less fused contractions of well-developed auto- 
matic defecation resulting from caudas equina lesion is the ability of a 
very high ,rise of pressure to emerge slowly at an interval from a 
previously induced small active contraction without further stimulus, as 
in figs. 49, 51 and 87. The rectal contractions of the simple automatic 
defecation of cauda equina lesions show almost comparable degree of 
fusion of small waves when well developed (fig. 33) though reaching 
lower maximal pressures (40 to 60 cm. water) compared with those of 
“reflex defecation” (60 to 100 cm. water pressure). Wemay compare 
these pressures with those of 100 to 200 cm. water pressure in the 
rectum in the course of normal defscation, even of fluid. 

A wave of rectal contraction in Cases 1, 2, or 3, once evoked, 
subsided following cessation of the stimulus, whereas in the presence of 
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“ reflex defeecation ” a wave of rectal contraction set up by some stimulus: 
tended, even if small, to progress slowly to full development of the act 
in spite of early cessation of the stimulus. This “ explosive’’ character 
appears to require the same type of autogenetic mechanism we have 
postulated for ‘‘reflex micturition’? [8]. The necessary pre-existence 
of active contraction is not so clearly defined in the case of the rectum 
as in the bladder, but a quantum of rectal distension is certainly 
necessary and is provided in the period of cumulative effect (fig. 49). It 
appears possible that the failure of the forceful reaction to filling of the 
whole rectum in Case 11, in spite of the presence of well-defined reaction 
to local distension of the rectal balloon, was due to the partial lesion of 
the sacral segments. The spinal mechanism had, so to speak, retained 
a general control of the rectum but was unable to effect the transition 
from automatic evacuation to reflex evacuation. 

* Stimuli applied tothe sacral skin segments facilitate the appearance 
of this reflex response at a lower volume of distension in the same 
manner that they facilitate micturition. Their potency increases as the 
anus is approached, so that movement within the sphincter is more 
potent than stimulation of the skin near the anus, and the latter in turn 
more potent than stimulation of the sole of the foot. Well-defined 
reflex flexion evoked by scratching any area outside the sacral skin 
segments, such as the anterior surface of the thigh, was in our experi- 
ence without effect in evoking this reflex facilitation of defæcation unless 
it produced an associated abdominal contraction which sufficiently 
increased rectal tension indirectly. 

All the stimuli which evoke reflex facilitation of defecation also 
evoke momentary sharp contraction of the external anal sphincter, and 
of the levator ani (“ the anal reflex”). This movement is sufficiently 
short in response to brief stimuli to disclose the absence of any accom- 
panying change in the involuntary internal sphincter (figs. 52 and 64), 
though if the latter be contracted upon some object in its lamen a 
relaxation commences, probably due to movement upon the object (fig. 58). 

The cases presented illustrate a series of stages of development of 
automatic and reflex function.of defecation. The reactions of the peri- 
pheral plexus are essential to the development of spinal reflex function. 
On the other hand failure of reflex function from any cause appears to be 
followed by redevelopment of depression of the peripheral mechanism 
with later emergence of automatic defecation. In all these respects, as 
in the general features of each state, the behaviour of the rectum follows 
closely that of the detrusor vesicw. Thus, in the series of cauda equina 
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lesions Case 3 presented the greatest development both of automatic 
micturition and automatic defecation, while Case 1 had both functions 
moderately developed. In Case 2 only small waves of contraction could 
be evoked in both rectum and bladder, and evacuation from either organ 
was chiefly by passive pressure past the minor degrees of relaxation 
which were reciprocated in the sphincters. In the cases when reflex 
activity was present in the sacral segments parallel development of both. 
was seen in Cases 5, 6, 7, 8 and 10, with partial failure of both în 
Cases 9 and 11. | 

In a previous communication upon nervous disturbances of mic- 
turition [8] we included concurrent contraction of rectum and bladder 
when that occurred as a result of distension of the bladder, as a feature 
of reflex activity of spinal segments. We have now encountered a case 
(Case 3 of the present series) where this association occurred in condi- 
tions where spinal motor influence over the vesico-rectal plexus appears 
to be entirely lacking. In this patient such contraction of the rectum 
was accompanied by evacuation from the anal sphincter (fig. 84), as in 
those patients in whom there was associated reflex defæcation. In Case 7 
this phenomenon was investigated in detail and the early reflex con- 
‘traction of the perineum and external anal sphincter (figs. 47 and 49), 
commencing with the beginning of rise of. vesical pressure, is notable, 
It was absent in Case 8. Relaxation of both anal sphincters is secondary 
to the development of rectal contraction. Contraction of the rectum, 
associated with micturition in Case 3, and in the normal subject, is seen 
in the form of isolated or poorly fused wave complexes in the rectum. 
Defsscation in response to distension of the rectum did not in these 
patients evoke vesical contraction even when the bladder was distended. 
The reaction of the bladder to distension is therefore associated with 
concurrent enhancement of the reaction of the rectum to distension by 
an activity related to the peripheral plexus. Automatic micturition has 
& peripheral linkage with contraction of the rectum ; a phasic aspect of 
the effect of vesical distension in lowering the tone of the sphincter ani. 
In the spinal animal fully recovered from spinal shock the occurrence of 
defecation is associated with a suitable posturing of the hind-limbs and 
tail [83], a possible explanation of the abduction of the human limbs in 
the course of the “sacral reflex” (which includes the “anal reflex ”’) 
seen in Case 7 and commented upon in a previous paper [8]. In a 
personal communication Sir Charles Sherrington has informed us that 
in the spinal animal micturition, if in progress, is frequently postponed 
with the appearance of defecation. The lack of occurrence of micturition 
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in response to distension of the bowel may therefore be due to direct 
suppression. 

We have found reason to suppose that the portion of the peripheral 
nervous mechanism which regulates the tone'of the sphincter may 
dominate the rhythm of the whole rectum. Each fluctuation in such 
spontaneous activity has, when well developed, the same time relations 
as that which is apparently stimulated from the rectum. Each single 
wave of such reciprocal activity appears to bring contraction of the 
rectum as a whole, commencing a few seconds before the onset of the 
corresponding relaxation of the sphincter. This relationship in time is 
seen when such spontaneous single waves occur in full development, 
whether the lesion be of the cauda equina (figs. 2, 83 and 34) or above 
the sacral segments (figs. 45, 46 and 64), and also in the normal subject 
(fig. 74). Where the external voluntary sphincter is highly active each 
such single spontaneous contraction is preceded by a brief jerk of 
contraction in the sphincter (figs. 59,62 and 74 at 6). These same 
patients also exhibit the larger and longer complete reflex defecation of 
which these single waves are then but a fractional form. The duration 
and intensity of the reaction depends on the intensity of stimulus. In 
the more powerful reaction a preliminary contraction of the perineum, ` 
probably also of the levator ani and external sphincter, frequently 
appears as the first incident in defacation. Where a combined 
response of defecation and micturition was elicited by distension of the 
bladder in reflexly active states, the rectum being already partly distended, 
this early contraction of the external sphincter and retraction of the 
posterior perineum is especially remarkable (cf., figs. £7, 59 and 61) and 
may overshadow the relaxation of the internal sphincter asin fig. 62. The 
anterior portion of the perineum has not been found to contract at this 
time [8] and the earlier relaxation of the external vesical sphincter 
indicates thatthe contraction involves this muscle slightly if at all. The 
internal anal sphincter does not share the early contraction, which is 
therefore absent following lesion of the cauda equine. Sir Charles 
Sherrington has informed us that a brief and forcible contraction of the 
abdominal wall is frequently observed as an early event in defacation 
in the spinal dog with high thoracic transection. None of our patients 
had a sufficiently high level of reflex activity to include movement of the 
abdominal wall, but it appears likely that the early contraction of the 
perineum referred to above is part of the movement which refiexly 
obtains a rise of abdominal pressure at the commencement of the act. 

The external anal sphincter, by its rapid contraction, effects the 
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appropriate cessation of defecation during the phasic spinal flexion 
reflex, and it appears justifiable to expect more prolonged closure of 
this sphincter to be an integral part of more persistent spinal reflexes 
such as those of progression. In the normal subject this sphincter, in 
close association with activity of the levator ani, has frequent synergic 
activity in concurrence with the abdominal musculature. An increase 
of abdominal pressure excites this active closure, except during defæca- 
tion, when the automatic process in the rectum and internal sphincter 
appear reflexly to facilitate its relaxation. It must be insisted, how- 
ever, that the primary event stimulated by rise of abdominal pressure 
is contraction of the rectum. The external anal sphincter, therefore, 
functions in reflex co-ordination as does the striped external vesical 
sphincter. There is no evidence that it is maintained in closure in the 
intervals between evacuations. Palpation with the finger gives the 
impression of a constricted ring at the site of the external sphincter only’ 
during an effort to hold, or during a flexion or other reflex which closes 
it. At other times, and even during effort which secutes,its contraction 
in synergy with the abdominal wall, it can -be felt to give irregular 
flickering contractions which feel to be carried in the substance of the 
tonic involuntary sphincter rather than forming a separate tonic con- 
striction. Apart from brief retractions at the onset and termination of 
defæcation activity of the levator ani is difficult to define exactly owing 
to its mobility. It does not appear to have sphincteric function. 

Micturition is subject to a central nervous influence of such kind that 
deep and prolonged depression of function accompanies the onset of the 
condition of spinal shock. In this condition the internal vesical sphincter 
presents maintained closure. Such a state is not obvious in the anal 
sphincter in the same patients, although inactivity of the bowel, with 
associated tympanites, is a well-known transient phenomenon. Weare 
indebted to the kindness of Mr. Harold Wilson in allowing us to 
investigate the following case under his care in St. Bartholomew’s 
Hospital at this stage. 


Case 12.—Fracture dislocation of spine, spinal cord severed completely at 
level of 10th dorsal segment. Spinal shock. 

H. R., male, aged 60, fell 12 ft. on January 14, and lost all sensation and 
power of movement below the waist immediately. On admission to hospital 
the same day there was found a complete flaccid paraplegia with loss of 
sensation to all forms up to the 9th dorsal segment on the right side, and the 
8th on the left. There was retention of urine for which a catheter was tied in. 
Stimulation of the sole of either foot induced a slow flexion of the great toe on 
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that side, but no other effect. No other reflex response of any kind was 
elicited below the level of the lesion: The abdomen became very distended the 
next day and enemata had no result. On January 16, 1 o.c. of pituitrin was 
injected hypodermically without result, and this was repeated twice on the 17th. 
On the evening of the latter day there was some evacuation of flatus. On 
January 18, 1 o.c. pituitrin resulted in one fluid evacuation, and on January 19 
there was incontinence of fluid faces, which became frequent in the following 
days up to his death on January 25, from bronchopneumonia. Autopsy 
revealed complete section of the spinal cord at 10th dorsal level by crush 
fracture of 8th and 9th dorsal vertebrm. 

Our investigation of this patient was made at the bedside on 
January 18, just before the first fluid motion, so that whatever effect 
may be related to distension by flatus had been in greater part relieved 
by pituitrin. Stimulation of the sole of the left foot induced slight 
contraction in the hamstring muscles of that side, but no other effect. 

‘Stimulation of the sole of the right foot evoked well-defined plantar 
flexion of the right great toe with a very slight contraction of the ham- 
string muscles. “There was no anal reflex, and the knee and ankle jerks 
were lacking. Inflation of the rectal and anal balloons was made by 
air and syringe as usual and the pressure readings made by mercury 
manometer. ‘The graph of resistance of the sphincter to gradual dis- 
tension is shown in fig. 25, where its high resistance is readily observed. 
To digital palpation the sphincter felf very resistant, and though 
‘distension evoked an immediate plastic reaction the high tone was 
rapidly reasserted if the finger were kept still.. Sudden distension of 
the rectal balloon with amounts up to 50 c.c. evoked a small relaxation 
of the sphincter (fig. 79) lasting forty seconds. This was not seen with 
increments of rectal volume below 50 c.c. The pressure within the 
rectal balloon revealed no contractile activity and was lacking in any 
plastic adaptation following a sudden distension. The rectum therefore 
appeared entirely inactive, the small effect of its passive stretch on the 
sphincter was the only evidence of co-ordinated effect. 

We have already observed that the general lowering of postural tone 
of the sphincter ani is often but a reflection of some degree of activity 
of the rectum and probably distal colon, depending upon the degree of 
their distension. Thus in cases of cauda equina lesion the sphincter 
ani may be moderately resistant if the rectum has been emptied as in 
Case 1. The moderately high resistance of the sphincter aniin Case 12, 
during spinal shock, is therefore entirely attributable to inactivity of the 
rectum and colon. It isin fact the normal tone of the sphincter, fully 
developed. ‘The direct effect of spinal shock on the postural mechanism 
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of the sphincter is therefore slight at this stage. From the very nature 
of the relaxing effect of distension of the rectum upon the internal 
sphincter ani the initial gaping of the sphincter following section of the 
pelvic nerves or sacral roots in animals is not evidence that the tone of 
the sphincter is dependent upon the integrity of these nerves, when the 
rectum may contain hard masses which it cannot dislodge. Still less 
does the pressure of fiuidin the rectum sufficient to pass the sphincter 
[10] reflect the tone of the latter. Immediately following sectiort of 
the sacral dorsal roots Merzbacher [25] found the anal sphincter 
contracted and only on the second day was it relaxed, while Garry [11] 
states that dilatation following section of the pelvic nerves in animals 
is “not a constant response.’ We have not had an opportunity of 
examining the sphincter in the first hours of spinal shock when the 
rectum was empty, but the parallelism between the tonic condition we 
found in Case 12 with that of the vesical sphincter under similar: 
conditions is obvious. The postural mechanism particular to both 
vesical and rectal involuntary sphincters appears to be briefly if at all 
subject to spinal shock, and largely independent of the central nervous 
system. Relaxation of the vesical sphincter awaits the recovery of 
active contraction of the detrusor. That of the anal sphincter awaits 
recovery of rectal contraction, and is preserved from absolute closure 
only by the small relaxing effect of purely passive stretch of the rectal 
wall. 

The effect of spinal shock on the rectum and colon is one of deep 
depression. We have presented evidence which strongly suggests that 
the function of automatic defescation is integrated by the activity of the 
local nervous plexus. The depression of rectal and vesical function by 
spinal shock reflects the loss of that central nervous control which allows 
the correlation of reflex defecation or micturition. The subsequent 
recovery of automatic local function is recovery from this depression. 
The segmental spinal reflexes in skeletal muscle, once recovered from 
spinal shock, are not affected by a further spinal transection at lower 
level. We are not aware of any observation on this point in the case 
of the bladder or rectum. Once reflex function is recovered in these 
organs, however, failure of the spinal reflexes of the isolated segment 
engenders a further period of “ shock ” in the peripheral nervous plexus 
concerned from which automatic micturition and defecation emerge if 
the patient survives. ‘There are here two levels of higher subsidy of 
reflexes, s0 to say, compared with one in skeletal reflexes. The 
permanent depression of automatic function following severance of the 
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‘afferent sacral roots (Merzbacher [25]|) is more complex, and may pro- 
visionally be regarded as retention of the dominance of the ventral roots 
without afferent keys to unlock the chain of reflexes. States of per- 
sistent depression from partial lesions of the sensory tracts, as in tabes, 
or of the conus as in Case 11, appear to require this mode of explanation. 
Spinal shock is essentially an affection of reflex nervous function ; 
‘an extinction of reflexes by -raised threshold of neuronal excitability. 
It8 affection of the motor nervous. mechanism serving micturition and 
defæcation is further evidence of the reflex nature of that peripheral 
function, albeit related to a peripheral ganglionic plexus of apparently 
identical histological structure to those sympathetic ganglia of known 
purity of efferent function. The local mechanism of both bladder and 
rectum appears closely to resemble that of the myenteric plexus. 


The Sympathetic Nervous Pathway and the Participation of the 
Pelvic Colon. 


The phenomena of automatic defecation have striking contrast with 
those of automatic micturition, which in the normal subject very rapidly 
vanish when subjected to willed restraint[7]. Voluntary effort to 
suppress evacuation from either the: bladder or the rectum is immedi- 
ately effective owing to rapid and powerful closure of the external 
voluntary sphincters. The rectum, however, continues in contraction, 
and rhythmical waves have been observed to continue for one minute in 
spite of prolonged effort to overcome them. Vesical contraction, when 
extremely intense, is difficult to suppress by voluntary efforts, but even 
small spontaneous fluctuations in rectal pressure appear to be immune 
to voluntary inhibition. Relaxation of the effort at any stage reveals 
that the internal sphincter is still relaxed, so that it also is unaffected 
by the voluntary effort. The reaction of automatic defecation declines 
in a manner so gradual as to be comparable to its defeat by mechanical 
obstruction. This finding confirms the surgical experience of abolition 
of voluntary control by surgical interruption of the external sphincter, 
though we do not agree with Matti [24] that the effect on the internal 
sphincter is other than that reflecting unbridled rectal activity. 

Since voluntary control cannot thus be demonstrated in the reactions 
of the rectum and anal sphincter, it is perhaps superfluous to note that 
lesions of the cauda equina below the lumbar sympathetic outflow do 
not leave any willed effect on these organs referable to this pathway of 
innervation. Investigation of a case of surgical interference with this 
pathway wasof interest, however, to determine the possibility of change 
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in the involuntary mechanism, particularly since it is stated that stimu- 
lation of the hypogastric nerves in animals has various effects on the 
colon, and contraction of the internal anal sphincter. We are indebted 
to ‘Mr. Corbett, of St. Bartholomew’s Hospital, for permission to 
investigate the following case under his care :— 


Oase 13.—Megacolon, operative resection of hypogastric nerves (presacral 
neurectomy). 

T. A., male, aged 54, commenced to suffer from pains in the upper abdomen 
and from constipation five years earlier, Examination revealed stasis in the 
colon (megacolon). In July, 1984, the condition was verified by exploratory 
laparotomy and a cystocolic fold was divided, as well as an adhesion between 
the duodeno-jejunal: flexure and the transverse colon. After an interval of 
freedom from pain, still subject to constipation, he suffered renewed pain in 
November, 1984, and it was then found that 4% pints of opaque fluid were 
necessary to fill the descending colon alone, and 64 pints to fill the entire colon. 
When the radiological appearance was watched under the influence of a spinal 
anssthetic, the descending colon. and to leas extent the remainder of the 
colon, were seen to begin to contract, returning the enema. Accordingly, on 
November 9, 1984, portions of the nerves around the inferior mesenteric artery 
and’ the adjacent area of aorta were resected at operation. The hypogastric 
nerves were readily defined, and their interruption beyond question. The 
patient remained still constipated, though satisfactory evacuation was secured 
by enemata. 


Five weeks after operative resection of the hypogastric nerves our 
investigation revealed a lower degree of resistance to inflation of the 
rectum than normal, so that 60 c.c. was required to bring about the 
level of maintained contraction normally induced by 30 c.c. Small 
waves ‘of contraction were observed at full inflation (fig. 78). The 
sphincter ani was normally resistant when inflated by gradual increments 
(fig. 24), and digital palpation also revealed no abnormality. Inflation 
of the rectal balloon from 40 to 60 c.c. induced a small phasic relaxation 
of the sphincter [provoked by inflation from 10 to 20 c.c. in the normal 
subject] (fig. 77). Distension of the intervening segment brought about 
a natural relaxation of the anal sphincter and rising, but low, rectal 
pressure, with a little evacuation in’ later stages. Stimulation of the 
sole of the foot induced a brisk contraction of the external anal sphincter. 
The behaviour of the sphincter and rectum was therefore of normal 
order, except for a change related to increase in rectal capacity and 
present before operation. We have ourselves no direct evidence as to 
this initial change responsible for the condition of megacolon, but in 
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with full distension of the rectum, is in full accord with the findings of 
Hurst [20] that here there is an achalasia, or affection of relaxation of 
the sphincter, by reason of damage to the local nervous plexus linking 
rectum and sphincter. 

We found no change in tone of the sphincter and no absolute loss of 
the interaction between rectum and anal sphincter attributable to com- 
plete absence of hypogastric innervation, just as we find, in comparing 
Case 5 with Cases 6, 7 and 8, no change referable to the inclusion of 
the sympathetic innervation with the upper spinal segment in the latter 
cases. In both types of case distension of the upper rectum or colon 
with fiuid varies the excitability of the lower rectum and lowers the 
tone of the sphincter ani, so that the reservoir organ as a whole has some 
reciprocal relationship with the sphincter. Learmonth and Rankin [21] 
have demonstrated that stimulation of the hypogastric (presacral) nerve 
‘in man brings about “strong clonic contraction of the sphincter, 
followed by several weaker clonic contractions.” The type of contrac- 
tion is evidently that peculiar to the sphincter ani and its provocation 
in this manner does not entitle the statement that “the thoracolumbar 
outflow provides the motor nerve supply for this muscle” [21] if by “ the 
motor nerve supply ” is meant any effect essential to the usual motor 
functions of the muscle. In the same manner the rectum appears to 
share the same independence of sympathetic function as is reported of 
the rest of the bowel [5]. 

Any hypothesis of lack of balance resulting from the overaction of 
the remaining pathway when one or other of the sympathetic or para- 
sympathetic nerve supply of the rectum is interrupted is as unsatisfactory 
in explanation of clinical disorders of defæcation as we have found it in 
the parallel disturbances of micturition [8]. In the first place clinical 
disorder of these functions follows surgical interruption of only one of 
these pathways, the pelvic (sacral) nerve. Secondly, recovery of function 
following interruption of the pelvic nerve occurs in identical manner 
whether the remaining Innervation be present or not. Sympathetic 
innervation appears as inessential to these organs as it is for the function 
of the heart or the salivary glands. We find full agreement with 
Cannon [5] that it is in emergency function that the sympathetic system 
has its value to the individual. Garry [12] bas made the pertinent 
suggestion that where an inhibitory effect of section of the sympathetic 
nervous supply has been demonstrated by increased activity af open 
operation in animals the operative exposure has itself possibly supplied 
the state of emergency. 
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The question whether distant effects, such as the occasional partici- 
pation of the whole colon in defscation, as first described by Hurst 
[18, 19] and since observed by many others, is mediated by any central 
pathway is beyond the scope of the present investigation. There is no 
apparent defect in the delivery of fecal material, either fluid or solid, to 
the rectum in the class of nervous disturbance we have investigated. 
McIntosh [22] has described a delayin the passage of a barium meal 
through the colon in a child suffering from an obscure lesion of the 
Iumbro-sacral spinal cord. From the dilatation of the rectum and pelvic 
colon it would appear that here the effect of previous dyschezia has 
produced sufficient accumulation to retard the progress of the barium. 

Our method of investigation has not been designed to give evidence 
of the behaviour of the region of the pelvi-rectal junction (O’Beirne’s 
“ sphincter ” [29] or ‘‘superior rectal valve” of Houston, as defined 
by Paterson [81]). Although there is here often a change in the 
folding of the mucosa, both this and the common post-mortem anatomical 
narrowing suggestive of the presence of a sphindter are inconstant 
features (Paterson[31], Hurst[20], and Martin and Burden[23]) and 
there is no distinct change of the nature of the muscular layers. 
Hurst| 20] states that he does not now believe that any sphincter exists 
at the pelvi-rectal flexure responsible for the radiological and anatomical 
appearance but considers it a kink produced by the mobility of the 
pelvic colon. He has observed [19] that colonic movement does not 
propel fæces beyond this region unless desire for defecation is about to 
occur. We have observed that the further our rectal balloon was 
separated from the sphincter ani the less local contraction occurred in 
response to its distension and the less relaxation of the anal sphincter. 
Distension of the distal colon with fluid appears to have a general relaxing 
effect on the sphincter ani. A similar more phasic reaction has been 
noted in experiments upon animals, where Garry[ 11] describes a reflex 
dilatation of both the rectum and anal sphincter resulting from movement, 
but not distension, in the pelvic colon. We prefer to regard the pelvic 
colon as possessing the same motor function as the rectum, but in less 
degree. Small masses reaching the rectum are not returned to the colon 
if not excreted, but larger fluid or semi-fluid masses appear to us to be 
readily returned to the distal colon if defecation is obstructed. It 
therefore appears possible that the most distal pelvic colon and the rectum 
together serve as an evacuating mechanism which, when filled in sufficient 
degree from above, contracts powerfully upon its contents and expresses 
them through the sphincter ani. If the external sphincter obstructs the 
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passage the same contraction drives the greater bulk to the reservoir 
of the distal colon. On this view the region of the pelvi-rectal junction 
has significance not as sphincter but as a region of transition from a 
canal reacting to the distension by its contents by rare massive contrac- 
tions with long quiet intervals, to a canal reacting to increasing pressure 
by immediate and cumulative contraction. Our evidence relates only to 
_ fluids, however, and the retreat of solid fecal material has no clear 
supporting observation. Although well-defined branches of the pelvic 
(sacral) nerve innervate the pelvic and descending colon [87, 26] the 
mechanism we have outlined has automatic function following impair- 
ment of this innervation, at least as far asthe upper rectum. The effect 
observed ‘by Garry|11] was accounted a reflex:‘by him on account of its 
absence immediately following section of the pelvic nerves. We feel 
that a period of subsequent observation for its possible eventual recovery 
from the resulting depression would be desirable. 

We have demonstrated that both following a transverse lesion of 
the spinal cord or cauds equina fully developed automatic defscation 
can secure efficient evacuation of fluids, and that this reaction can be 
elicited from the rectum alone. The defective evacuation of solids 
resulting from: these nervous lesions appears therefore to result not 
from deficient reaction to distension of the rectum but from lack of 
sufficient propulsive power in the act. The deficiency is not an absence 
of peristalsis, which is as little evident in contraction of the rectum 
in the normal subject as in these patients. It appears to be related to 
the general force of contraction of the rectum, which is far greater in the 
normal subject when evacuating both fluids and solids, even: when the 
abdomen is purposely maintained relaxed. Hurst [19] attributes the 
lack of evacuation resulting from nervous lesions to lack of appropriate 
abdominal contraction owing to defective sense of rectal distension, and 
without doubt rises of abdominal pressure would stimulate the rectum 
and colon to earlier and mdére complete contraction. We would urge 
that the force of contraction of the rectum is the primary factor, without 
which evacuation, even of fluids, is impossible. When this contractile 
process is lacking, as in recent cauda equina or conus lesions, abdominal 
contraction is without effect, just as it is'without effect in the inactive 
rectum of primary dyschezia of otherwise healthy people. 

Varying degrees of dyschezia result therefore from the different 
stages of recovery of the local automatic and reflex mechanism of the 
rectum from the depression following isolation from the remainder of 
the nervous system. Even with the most complete recovery of these 
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functions efficiency is still lower than in the natural state, so that the 
familiar clinical picture of dyschezia with solid fæces and intermittert 
incontinence of liquid stools results. 


SUMMARY OF CONOLUSIONS. 


(1) Automatic defecation resulting from destructive lesions of 
the sacral innervation of the rectum and anus in man has been studied. 
In it we have found contraction of the rectum with reciprocal relaxation 
of the anal sphincter. 

(2) This reciprocal relationship between rectum and involuntary 
sphincter is nervous in mechanism. The adequate stimulus is tension 
upon the wallof the rectum. Passive tension appears sufficient to 
bring about slight relaxation of the sphincter. Active tension is a 
more powerful stimulus. : 

(3) The nervous mechanism for this “ reflex” reaction appears to be 
related solely to the peripheral nervous plexus. , 

(4) The mechanism is subject to depression by spinal shock for a 
brief period during which the sphincter ani relaxes only slightly in 
response to passive distension of the rectum. 

(5) Reflex activity of the sacral segments of the spinal cord brings 
a progressive character and greater fusion to the rectal contractions 
with consequent more massive and complete response (“reflex 
defrecation”). 

(6) Cutaneous stimulation in the skin area of the sacral segments, 
with maximal effect at the anus, and activity of the bladder, both 
facilitate the occurrence, of reflex defscation. 

(7) The sympathetic nervous supply (hypogastric nerves) to the 
rectum and anus does not mediate these automatic and reflex responses. 

(8) The postural tone of rectum and sphincter ani is @ reaction to 
passive tension of the muscle concerned. In each a rapidly increasing 
tension causes tonic contraction to give way to phasic contraction, so 
that tension is also the stimulus for phasic movement. 

(9) The mechanism of postural tone of the sphincter ani is local, 
and probably is related to the peripheral (? intramural) nervous plexus. 
It is essentially unaffected as a result of transverse spinal lesions, and 
the changes in the tonicity of the sphincter reflect only the degree of 
activity of the rectum and possibly the distal colon. 

(10) Voluntary control over defæcation extends directly only to the 
external voluntary sphincter ani. 

(11) The external sphincter is not tonic, though it contracts 
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reflexly in the course of the flexion reflex, and in synergy with the 
remainder of the abdominal parietes. 

(12) The mechanism of defecation, provided delivery of fecal 
material from the colon is adequate, depends primarily upon the 
reaction of the rectum to distension. 

(18) The inefficiency of defecation resulting from transverse spinal 
lesions has explanation in the relatively small force of rectal contraction 
ever with ample recovery of automatic or reflex function. 

(14) The functions of micturition and defsscation are almost entirely 
comparable in their reaction to transverse lesions of the cord. Their 
mechanism is almost identical except for the lack of any potent voluntary 
inhibitory control over the contractions of the rectum. 


We are greatly indebted to the physicians of the National Hospital 
who have so-willingly allowed us to investigate cases under their care, 
and to the kindly intérest and criticism of Dr. A. F. Hurst. 
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DESORIPTION OF PLATES. 


PLATE XIL 


Sate representation of the pressures within the recorder in the sphincter ani for 
each cubic centimetre of air introduced when distension was made 1 c.c. at a time at 8 second 
intervals. The pressure falls during each interval an amount represented by a vertical fall 
in the graph. The volume of air introduced is plotted in cubic centimetres on the abcissa, 
the resulting pressure in centittetres of water on the ordinates. The rise of tension resulting 
when the recorder ie inflated in this manner outside the sphincter is shown in fig. 15b. lf 
the recorder were inflated with its centre 10 cm. below the surface of æ bath of water the 
curve is parallel to fig. 156 after the introduction of the first 10.0. and 10 om. higher at 
each point. Fig. 12 is from Oase 1. Figs. 13a and 6 are from Uase 3 under different 
circumstances (see text), Hig. 14 is from Case 3, and fig. 16a from Oase 4. Fig. 16 is from 
Oase 6, and fig. 17 a and ò from Oase 6 under differing circumstances (see text). Fig. 18 is 
from Case — This recorder was noé in use at the time Oase 8 was investigated. Fig. 19 is 
from Oase 9, : 


PLATE XIII 


Graphs obtained asin Plate XII. Fig. 20 is from Case 10. The data corresponding to the 
region of the broken line were not recorded as the pressures took the image beyond the edge 
of the recording paper (over 115 cm, water), Fig. 21 is from Oase 11. Fig. 22a and bare 
from a normal subject under different ciroumstances (see text). Fig. 23 is from another 
normal subject, Fig. 24 is from Case 18 (presaoral neurectomy) and fig. 25 is from Oase 12 
(spinal shook). 

PLATE XIV. 


All this and subsequent Plates read from left to right. Time is shown by vertical strokes 
at 10 second intervals at the top of each record. P. indicates the pressure within the 
rectal balloon, 8.P. indicates the tracing of preasure within the recorder in the sphincter, 
and the curve I.S. traces the pressure in the ‘‘ intervening segment where recorded. The 
tracing Abd. records the movement of the abdominal wall (downward for outward movement 
as in inspiration). The calibration for the rectal and sphinoterlc pressures is shown with the 
first record of each case. 


Fig, 26.—From Case 1. The sphinoteric recorder is inflated suddenly with 6 0.0, of air 
ata. The rectal balloon is suddenly inflated with 5 0.0. of alr at b, with a further 5c.c. atd, 
and a further 10 c.c. at g. From /tom15o.c. of fluid is run into the “‘intervening segment,” 
so that the manometer Es) thereafter records the pressure in this region, , 


Fie. 27. Also from Oase 1, to show spontaneous fluctuations in pressure in the sphincter, 
the rectum not being inflated. At a brief passive pressure is applied to the abdomen. 
Recorder contains 6 c.c. 


Fia. 28.—From Case 2. 600.0, air in rectal balloon. 100.0. air in sphinoteric recorder. 
From b to o 25 o.c. fluid is run into intervening segment. From d to 4 an additional 100 ac. 
is ran in, | 

Fic. 29.—From Gase 2 as fig. 28, except that at a and s the rectal balloon is completely 
deflated, at b and f suddenly inflated with 50c.c. air. The rectal balloon is almost completely 
deflated at », and at 4 and j 10.0. is rapidly introduced and immediately withdrawn. At 
k and } this is repeated with 5 c.c, and from m to o 6 0.0. are repeatedly introduced and with- 
drawn in rapid succession, and finally left in. f 
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Hic. 30.—From Onse 2, as figs, 28 and 29. At a 50 o.c. ais is introduced into the rectum. 
The whole perineum was observed to relax yee text), the density of the small vertical 
markings record the approximate degree of relaxation of the perineum as observed by eye. 
The patient moved slightly:at b. Ato the rectal balloon was deflated, and at + at & was 
withdrawn 10 om. until its attachment lay just above the sphincter recorder. At e it was 
reinflated with 60 o.c. air. 

Fre. 81,—From Osso 8. The sphincter recorder contains 15 0.0. air, the rectal balloon 
10 c.c. air. Ata 40 o. o. sir is injected into the rectal balloon. 

Fre. 32.—Oase 8. The rectal balloon contains 40 o.c.,,the sphincter recorder 10 oic. 
Between a and b 60 0.0. of fluid 1s run into the intervening segment. Evacuation past the 
sphigcter occurs in the duration of the thick horizontal line. 


Fia. 88.-Forty seconds after fig. 82. Between a and b 800 o.o. of fluid is allowed te 
enter the intervening segment. Evacuation is shown by the thick lower horizontal line. 

Hie. 94. -As fig. 38. At + spontaneous micturition was observed to commence, and 
cessed at |, Evacuation of fluid past the sphinoter ani occurred in the period shown by 
the duration of the thick horizontal line (EVAO). 


PLATE XV. 


Fig. 85.—OCase 5. The sphincterio recorder contains 10 c.c. air.’ At a the volume of 
the rectal balloon is suddenly increased from 10 c.o. air to 40 0. o. air. 


Pia. 36.—-Oase 5. The rectal balloon contains 80 o.c. air, the sphincter recorder 4 c.o. 
Between a and b 100 0.0. fluid is run into the intervening segment. 

Fig. 87.—QOase 5. The rectal balloon contains 40 0.0., the sphincter recorder 4 0.0., and 
the intervening segment 50 c.c. Ata the sole of the right foot is scratohed. Evacuation of 
semi-solid feecal material occurs in the duration of the horizontal lines (HZ VAO), and tends to 
extrude the recorders. 

Fra. 88.—Oase 5, as fig. 87. Ata the sphincter recorder is suddenly distended with a 
further 4 c.o. sir. Evacuation commences as shown and continues. 

Fig. 89.—Case 6. 606.c, airin sphinoter recorder. At a BO c.c. air is injected into the 
rectal balloon, 

Fic. 40.— Oase 6. 10 o.o. air in sphincter recorder, 40 c.c. in rectal balloon. Ata, b 
and o soratches were made in the skin at the right side of the anus. 

Fia. 41.—Oase 6. 60 c.o. air in rectal balloon, 10 c.o. in sphincter recorder. In the 
duration of the horizontal line at a, the recorder was rotated in the sphincter through 
some 20 to 30 degrees. 

Hie. 42,—As fig. 41. At a the recorder was moved quickly ouswards in the sphincter 


' and then held still. 


Bia. 48.—Oase 7. Effeot of injection of 25 c.c. air into the rectal balloon. The sphinoter 
recorder was here a small balloon, without central core, so that rectal pressure 1s recorded by 
it in some degree. 

Fia. 44.—-Oase 7. Reotal balloon contains about 40 0.o. Sphincteric recorder, without 
core, moderately distended. Between a and b 100 o.e. fluid run mto intervening segment. 
No evacuation. 


Fia. 45.—Oase 7. Rectal balloon contains 60 o.c. Intervening segment slightly dis- 
tended. Sphincter recorder moderately distended (with fresh pressure soale). At + the 
bladder was gradually distended until micturition occurred in the duration of the horizontal 
line at M. No evacuation from rectum, 


Fig. 46.—Oase 7. Tensions as fig. 48. 50 c.o. air in rectal balloon. Sphincter 
moderately distended. Spontaneous waves. 


Fire. 47.--Case 7. As fig. 48. In addition to the record of rectal pressure (R.P.) and 
pressure within the anal sphinoter (8.P.) and intervening segment (I.8.) there is also 
recorded vesical pressure (V.P.). At + the fuid commences to distend the bladder, and 
at ų the inflow is shut off. The resulting micturition occurs in the duration of the double 
line M, and evacuation from the rectum occurs in the period shown by the thick line 
(HVAC), 


Fig. 48. -As fig. 47. The bladder is partly distended (50 o.c.) A sharp spike, a, shows 
where a brief passive pressure is made upon the abdominal wall. 
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Bia. 49.—As fig. 47. Hffect of repeated passive abdominal pressure at a. 


Fra. 50.—Case 8. Small coreless balloon used to record pressure in sphinoter ani. This 
was fully distended ata. The rectal balloon was. distended suddenly with 80 c.c, air at b. 


Fra. 51.—Oase 8. Rectal balloon contained 40 o.c. sir. Small coreless balloon in 
sphincter ani fully distended. Funnel at anus records evacuation of fluid (c, d, e) by down- 
Yaa of tracing, H.R. 50.0. fluid is run into the intervening segment between 
a and b. 


Fie. 52,—Case 8. As fig, 51, exert that at the points marked + + + + the outer border 
of the sole of the right foot was scratched, with resulting brief closure of the sphincter. 
> 


PLATE XVI. 


Fra. 58.—From Cease 8. Rectal balloon contains 80 c.o., sphinoterio recorder contains 
80.0. Ataa sudden brief passive pressure upon the abdomen elicits a brief contraction of 
the sphincter followed by a relaxation assoclated with a wave of rectal contraction, b. Atc 
ascratch on the inner sole of the left foot elicits & brief contraction of the external sphinoter 
with similar relaxation of the internal sphincter and rectal contraction at d, 


Fra. 54.—Oase 8. As fig. 58. Reotal balloon contains 40 o.c. air, 8 6.0. in balloon in 
sphincter. In the period shown by s black horizontal line the rectal balloon was pulled» 
gently downwards. A prolonged powerful contraction of the rectum was set up. 


Fic. 55.—Case 8. As fig 54. Ata, and again at b, the sphinoter recorder was twisted 
very slightly. ° 


Bie. 56.—Case 9. Rectal balloon contains 20 o.o. Recorder in sphincter 7 c.o. Ata is 
seen one ‘of the regular spontaneous fluctuations in pressure in the sphincter. At b the 
rectal balloon is suddenly deflated. At citis suddenly inflated with 20 c.o. air. There iss 
slight relaxation of the sphincter from d to e. The rectal balloon is then again deflated. 


Fic. 57.—Oase 9. As fig. 56. The rectal balloon contains 20 o.c. Fluid was being run 
ually into the “ intervening ent ’’ and at the commencement of the record 300 c.o. 

ad entered. Between 450 and 0.0. the inflow was shut off for twenty seconds, and was 
then continuous to 850 o.c, when it was shut off (k). The sole of the foot was scratched at 4. 


Pic. 58.—Oase 10. The rectal balloon contains 380 o, o. air. Ata an additional 20 0. o. is 
suddenly added. The wave b is due to rectal contraction.’ Abt c a large wave of rectal 
contraction ocours in response to digital exploration of the sphincter. 


Fra. 59.—Case 10. The rectal balloon contains 50 o.c. air, The sphinoter recorder had 
beén slowly distended with 800.0. air. At athe whole perineum waa observed to withdraw 
spontaneously in the period of high pressure in the sphincter. No evacuation ocourred. 


Fig. 60,—Case 10. Reotal balloon contains 800.0. Ata the recorder in the sphincter, 
which contained 2 0.0. air, was suddenly inflated with an additional 8 o.c. At b fluid was 
run into the intervening segment, reaching 50 0.0. at the end of the figure. 


Fig. 61.—Oase 10. As fig 60. At athe inflow of the intervening segment is opened and 
fluid run in continuously to the end of the figure. Evacuation of fluid past the sphincter 
occurred in the duration of the thick horizontal lines (EVAO). 


Hira. 62.—Oase 10. 40.0. in rectal balloon. 10 c.o. in sphinoter recorder, 100 c.o. finid 
in intervening ent, Atathe patient coughed, at b two brief passive pressures on the 
abdomen. At c the perineum was observed to retract suddenly and relax slowly, and again 
ate. Slight evacuation of fluid at end. 


Fic. 68.—-Oase 11. Sphincter recorder contains 4 0.0. Rectal balloon contains 80 0. o. 
air, At aan additional 10 o. o. is suddenly added to the rectal balloon and at d an additional 
10 c.c. Rectal balloon deflated at g. The relaxations of the sphinoter at c and at f are those 
occurring spontaneously at regular intervals as in fig. 64. 


Fie. 64. —Oase 11. 40 c.c, air in rectal balloon. 4 o.co. in sphincter recorder. At a a 
spontaneous relaxation of the sphincter briefly — by efforts to contract the perineum 
voluntarily at 6 and at o Atb c fluid is allowed to distend the intervening segment until 
450 c.o. has entered (at 7). There was no evacuation. Atm the patient coughed, and stn 
the abdomen was subjected to a series of rapidly repeated pressures, 
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PLATE XVI, 


Fie. 65.—Normal subject. Rectal balloon contains 80 o.c. air, sphincter recorder 10 0.6 
At aan edditional 10 c.o. air introduced into rectum. The basea of the sphinoter recorder 
was not visible. At b the sphincter recorder was withdrawn about 1cm. Atc, d, eand f it 
was withdrawn 1 om. in each step. 


Fic. 66.—Nérmal subject. Rectal balloon contains 30 0.0. alr, sphincter recorder contains 
10 0.0. air and is in outer part of sphincter. At a an addifional 10 c.o. 18 added to the rectal 
balloon. At b the subject, lying on the left side, extended the right lower limb. At c the 
limb was again flexed. 


Fira. 67.—Oontinuation of fig. 66. Ata the subject made a brief voluntary contraction of 
the@erineum as if to restrain flatus. 


Fig. 68.—Normal subject. As fig. 65. At a a brief voluntary restraint. At b the 
sphincter recorder 18 rapidly moved inwards 2 cm., and again atc, passing into the rectum 
at d. 


Fic. 69.—Normal subject. Sphincter recorder contains 10 o.c. air and is held in relation 
to innermost portion of sphincter. At a the rectal balloon is suddenly inflated with 80 c,c. 
air, and atc with an additional 10 c.c. At d the subject coughed. 


Fre. 70.—Normal subject. Sphincter recorder contains 4 c.o. and is related to both 
parts of the sphincter, At a 80 0.0. air is suddenly introduced into the rectal balloon and 
withdrawn at d. 


» Fira. 71.—Normal subject. 40 0.0. air in rectal balloon, 4 c.c. in sphincter recorder. 
From a to b 60 0.0. fluid is run into intervening segment. Tension scale of this figure and 
also figs. 72 and 78 as in fig. 65. 


Fira. 72.--Normal subject. As fig. 71. At ¢ fuid commences to run continuously into 
the intervening segment until after the end of the figure. 


Fra. 78.—One minute after end of fig. 72. In the period w to y the subject strained 
ineffectually in attempting to defmcate. 


_ Fire. 74.—Normal subject. Tensions as fig. 70. Reotal balloon contains 40 c.c., 
sphinoter recorder 4 o.o. Fluid is run inte the intervening segment from + to end of 
figure. Atg the subject attempted to restrain voluntarily for the period of the horizontal 
line. Some sense of desire for defecation felt in the period marked by a broken line at h. 


Fig. 75.—Normal subject. As fig. 74. Afterlong continuing distension of the intervening 
segment, one of the larger waves of rectal contraction evacuates a large quantity of fluid past 
the sphincter recorder in the period shown by the horizontal line. The subject then Aara h 
voluntarıly, but the rectum was already empty. 


Fra. 76.—Normal subject. The rectal balloon contains 40 c.o. At ¢ fluid is run into 
the intervening segment until the point marked |. In the duration of the horizontal line 
at c the subject makes an effort of voluntary restraint. 


Fire. 77.—Case 18. Rectal balloon contains 20 0.0. air, sphinoter recorder § o.o. Ata an 
additional 20c.c. sir is added suddenly to the rectal balloon, Atc the patient involuntarily 
contracted the perineum, 


Fie. 78.—Onase 18. Slow rhythmic waves of contraction recorded by the rectal balloon 
when distended with 40 c.c. air. 


Fira. 79.—Case 12. Ohart of observed pressures in rectum and sphincter from observations 
at 6 second intervals at the bedside. Sphincter recorder contained 10 c.o. air. The rectal 
balloon contained 50 o.c. air, and at a an additional 10 o.o. was suddenly added. 
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A NOTE ON THE DEFINITION OF THE “MOTOR” AND 
“PREMOTOR” AREAS. 


BY J. F. FULTON, M.D., 
Laboratory of Physiology, Yale University School of Medicine. = 


F. M. R. WALSHE, in a critical survey [18] of a series of papers 
on the functions of the frontal lobes, recently published from this 
laboratory, has drawn attention to the fact that in arbitrarily limiting 
the term “ motor area ” to the area giganto-pyramidalis of the precentral 
convolution we have not properly heeded certain earlier neurological 
teachings, especially those of Hughlings Jackson. His treatment of , 
our work would require no further comment were it not likely seriously 
to mislead those not intimately acquainted with the fie]d. 


I. 


Since 1870 [7] the term,“ motor area ” has been used both in neuro- 
logical and experimental literature as synonymous with the electrically 
excitable area of the frontal lobes exclusive of the eye field. The work 
of Campbell [8], Brodmann [1] and others demonstrated in primates 
that the precentral excitable region was made up of two principal cyto- 
architectural areas, both evidently motor in function, and designated 
Area 6 and Area 4 respectively. The term “premotor area.” has been 
introduced within the last ten years to designate the anterior part of 
the excitable area, but the new term has been used loosely and it has 
appeared essential to define it more precisely. The simplest and most 
obvious expedient, as the Vogts [17] and Foerster [5, 6, 7] have 
frequently pointed out, is to use a terminology that conforms to the 
principal cyto-architectural fields. After careful consideration of the 
matter and discussion with investigators in this country and in Europe, 
we decided a year ago’ for the purpose of our laboratory publications 


1 Walshe is quite correct in stating that in some of our earlier papers terms were not 
adequately defined, and it was our own realization of the fact that caused us to adopt the newer 
usages [9]. We do not wish to imply that all the corticospinal tracts arise from the motor 
ares, for many writers, most recently Kennard [15] and E. O. Hoff [12], have found that 
Area 6a contributes extensively to she corticospinal-system, and thas the terminal distribution 
in the cord of these corticospinal fibres differs from the distribution of those from Area 4 [19], 
which further substantiates the belief that these areas are functionally discrete, 
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to restrict the term “premotor area” to the cyto-architectural field 
designated “Area 6a ” (upper part) as outlined by the Vogts and 
Foerster (see fig. 1). ‘‘ Area 4” remained for designation, and it 
seemed entirely appropriate to restrict the term “ motor area” to the 
field of the Betz cells, as had originally been done by Campbell [3] in 
1905, and later by von Economo |4, p. 34]. This leaves the useful 
and non-committal phrase “the excitable area” as a comprehensive 
term applicable to both regions. The justification for this terminology 
lies in the fact that cyto-architectural definition has been found useful, 
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Fra. 1.—The oyto-architectural subdivisions of the frontal lobes of a cercopitheque 
monkey according to the Vogts [17]. This has formed the basis of Foerstar and Penfield’s 
mup of the human cortex in which corresponding areas have been identified, and of Fulton 
and Kennard’s studies of the chimpanzee cortex. The excitable cortex includes areas 4, 6 
and 8 with their various subdivisions. The motor area is synonymous with area 4, the 
premotor with area 6a 8 and 6aa (uppar part); areas 6aa (lower part), 8b a and 6b 4 have 
not recelved special designation, The eya field occupies area 8, and the frontal association 
region areas 9, 10,11 and 12. Areas 11 and 12, which are on the orbital surface, sre not 
shown on the figure. 


and, indeed, indispensable, in considering other areas of discrete function 
in the cortex. If it is not in harmony with Hughlings Jackson’s 
terminology (whose fundamental conceptions of levels of function are 
entirely consistent with the subdivision which we have urged), it is 
scarcely surprising since studies of cyto-architecture had not yet been 
undertaken in Jackson's time. 

II. 


Lest any further confusion arise, it is desirable briefly to summarise 
the observations (on chimpanzees) which Walshe has attempted to 
elucidate. 


ah 
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(1) Area 4.—Complete experimental ablation of Area 4 (“ motor 
areg” in our terminology) causes transient paralysis, most marked and 
enduring in the distal joints, transient depression of reflexes and 
transient flaccidity. In the stages of recovery from a lesion of Area 4 
deep reflexes may become moderately hyperactive, but gross spasticity 
has never been observed at any age of recovery following lesions sharply 
ronie renen to area 4.1 

-~ (2) Area 6a.—Ablation of Area 6a (upper part, “ premotor area ” of 
our terminology) at a primary operation, or after removal of Area “4, 
causes a disorganisation of the more highly integrated voluntary move- 
ments [14] producing’a state akin to apraxia in man (a term scarcely 
applicable to animals); and such'lesions lead also to the immediate 
appearance of spasticity with increase of deep reflexes, forced grasping, 
vasomotor disturbances and certain specific reflex signs such as those of 
Rossolimo, Mendel-Bechterew, Hoffmann, and the fanning sign of 
Babinski [16]. : 

(8) Bilateral ablation of Area 4 and 6a.—Bilsteral ablations of 
motor and premotor areas in mature monkeys causes permanent paralysis 
of voluntary movements, and the postural reflex’ state of the skeletal 
musculature of such a praparation is indistinguishable from that of a 
thalamic monkey ; but if a part of one aréa, motor‘or premotor, remains 
intact in one hemisphere, the animal recovers some degree of voluntary 
power in all four extremities. 

(4) Areas 9,10, 11 and 12.— Bilateral — of the frontal associa- 
tion areas does not cause forced grasping and gives rise to no other 
disturbance in reflexes or in' motor skill; complex behavioural deficits 
appear, however, which are beyond the ‘scope of this note and are fully 
described elsewhere [18, 14, 9, 11]. ° i 

Walshe’s discussion focusses attention upon the possible functional 
subdivisions of the premotor area, a problem which has been under 
investigation for several years, but we are not yet in a position to discuss 
the matter in detail beyond stating that the posterior half (Area 6a a of 
the Vogts, fig. 1) is more excitable than the anterior part (Area 6a £), 
and on stimulation yields more discrete movements (Vogts [17], Foerster 
and Penfield [5, 6], Bucy [2]), and that subtotal extirpation of the 
premotor area fails to produce forced grasping, i.e. removal of Area 


Prior to December 1982, we were unaware of the relation of Area 6a to spasticity and 
most of our early extirpations of Area 4 encroached upon the posterior part of Area 6a. This 
accounts for the transient spasticity with ‘‘ Area 4’ lesions in chimpanzees reported by 
Fulton and Keller [10] in June, 1932, and by Jacobsen [18]. | 
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Gaa alone or Area 6a8 alone does not give rise to the full premotor 
syndrome, whereas complete removal, even if carried out seriatim, 
causes it. 

Walshe states that the sequence of cortical ablation was so rapid in 
some experiments that the motor status in the affected limbs did not 
reach equilibrium before it was further modified by a second lesion. 
This was true in experiments in which the state of equilibrium was not 
the object of our study, but lest misconception arise from this criticism 
it should be pointed out that the survivals in our ablation studies are the 
longest on record. A number of our chimpanzees have been under 
observation for periods ranging from one to three years following a 
single operation; one animal was observed and trained for two years 
before surgical procedure was instituted, and was studied for a year after 
an Area 4 ablation (during which 4 state of paresis, markedly flaccid at 
°” first, persisted in the affected extremity). When the premotor area was 
removed the previously flaccid extremity became highly spastic, and has 
remained spasticefor a period of two and a half years. The animal is 
still alive after a sojourn of five years in the laboratory; and it has been 
examined by every clinical neurologist who has honoured our laboratory 
with a visit. The specific reflexes of Rossolimo and Mendel-Bechterew, 
and the fanning sign of Babinski, also have persisted throughout this 
two-and-a-half year period. A full summary of our work on the frontal 
lobe which formed the basis of a series of Herter lectures will presently 
be published. 

It would be unbecoming further to take issue with Walshe because 
his ‘‘ motor area ” includes our “‘ motor and premotor areas’’; and when 
he states that lesions of his “ motor ares” give rise to all the symptoms 
which we have relegated to the syndrome of the “ premotor area ” he is 
of course entirely correct, except that he omits “ forced grasping,” which, 
on wholly insufficient evidence, he vaguely attributes to disturbances in 
some other part of the frontal lobes. Such differences, therefore, as 
exist between us are primarily those of definition. 


SUMMARY. 


Since the anterior boundary of the excitable precentral cortex cannot 
be accurately defined in anatomical terms, and since the functions of the 
anterior part of the excitable cortex obviously differ from those of the 
posterior, ® more precise terminology is needed to designate these 
functionally discrete regions. The term ‘“‘premotor area” has been 
used in the past synonymously with the “intermediate precentral ” 
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region, but adequate anatomical definition has not hitherto been given. 
Since these regions correspond roughly with well-recognized cyto- 
architectural fields, it is suggested that the following conventions be 
adopted (fig. 1). That :— 

(1) Motor area be restricted to the area giganto-pyramidalis, i.e. 
Area 4 of Brodmann, the Vogts and Foerster. 
-= (2) Premotor area, which is also motor in function, include Area 6a 
(apper part) of the Vogts, the posterior part being designated 6a a and 
the anterior part 6a £. 


(8) Frontal association areas include Areas 9, 10, 11 and 12 of 
Brodmann. 


The term “excitable area” is applicable'to both the motor and 
premotor regions. 
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Novices oF RECENT PUBLICATIONS. 


The Carotid Sinus and the Cerebral Circulation. By Epix ASK- 
UPMARK. Acta Psychiatrica et Neurologica. Supplement VI. 
Copenhagen: Levin and Muskgaard. 1935. Pp. 374. 


Ask-Upmark has studied the anatomical relationships of the carotid sinus 
in animals; he observed the effect of sinus stimulation on pial vessels, and 
analysed the blood-pressure records of 486 of Oushing’s cases of cerebral 
fumour. The work indicates great industry and painstaking effort, but the 
size of the volume seems out of proportion to the new material it contains. 

The most substantial contribution is the report of dissections of the sinug 
region in twenty-seven different species of animals. Evidence of a sinus 
(though unfortunately histological confirmation could not be carried out) was 
present in all. It lies on the occipital artery if the carotid is lacking, and is 
intimately associated with the glossopharyngeal nerve. In an effort to establish 
œ% relationship between the sinus and the vasomotor nerves of the brain, 
Ask-Upmark watched the pial vessels of the cat during stimulation. Vaso- 
constriction, though usual, was the passive response to a fall of systemic blood- 
pressure. Active dilatation, if present, was relatively unimportant. 

The author’s effort to prove arterial hypotension in patients with cerebral 
tumour and to link it with invasion of the hypothalamus and hypophysis forms 
the body of the section on olinical aspects of the problem. He found that the 
cerebral vascular changes are in the main secondary to systemic changes, but 
he fails to make a fair-minded review of the prior work of Weiss and Baker, 
who have made a detailed investigation of the heart and circulation in & con- 
siderable group of these patients. He dismisses too lightly their demonstration 
that some who lose consciousness and have convulsive movements on pressure 
of the sinus, do not have coincident decrease of pulse, of blood-pressure or of 
cerebral blood flow. In these persons there must be neurological mechanisms 
at work which are not dependent on circulatory changes, This contribution 
of Ask-Upmark’s, serious and detailed though it is, can be considered as an 
introduction, not as a conclusion, to the subject of the carotid sinus in man. 


Thérapeutique Médicale: Systeme nerveus. Par M. LOEPER, &c. 
Paris: Masson et Cie. 1935. -Pp. 380. Price 50 fr. 


This is the eighth volume of a system of therapeutics which has been 
edited by Professor Loeper. In its production he has obtained the collabora- 
tion of many well known neurologists and he consequently presents a review of 


French practice which must be interesting and instructive to English readers. 
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The first part, written by the Editor, deals with general principles, as the 
use of sedatives, hypnotics, analgesics and tonics. His presentation of these 
subjects is particularly valuable as he discusses the physiological and pharma- 
cological actions of the drugs and other agents which ho employs. The 
following chapters deal with the treatment of various diseases and pathological 
conditions as apoplexy, epilepsy, nervous syphilis, meningitis, migraine, &c., 
and with the use of fever therapy, radiotherapy in cerebral tumours, psycho- 
therapy and the value of climate, baths and physical methods. Most of these 
chapters attain a high standard and are obviously written for the practitioner. 
Unfortunately the book lacks an index which would have added considerably 
to its value. 


Les Névroses Tachycardiques. Par L. GALLAVARDIN et A. TOURNIAIRE. 
Paris: Masson et Cie. 1935. Pp.121. Price 17 fr. 


This small monograph deals with the nature and the symptoms of nervous 
tachycardia or irritable heart as observed in military and civil practice. The 
various disturbances of function associated with the rapidity of the pulse are 
fully described and analysed, and the conclusion is reached that all of them 
can be attributed to abnormal excitability of the cardiac sympathetic fibres. 
The many interesting observations recorded and the objective treatment of the 
subject make the book worthy of careful study. 


Les Ramollissements Protubéranttels. Par J. O. TRELLES. Paris: 
G. Doin et Cie. 1935. Pp. 306. Price 50 fr. 


A monograph on the common and variable groups of symptoms associated 
with softening of the pons Varoli is timely, for though so frequently met with 
in clinical practice and often studied from the anatomical point of view, there 
has been no recent attempt to deal comprehensively with the subject or to 
correlate accurately the disturbances of function with the sites of the lesions 
responsible for them. This the author has done by the study of a large 
number of personally observed cases and a survey of many collected from the 
literature. 

As the position and the extent of the lesion depends on the distribution of 
the vessel which is occluded he naturally starts with the vascular supply 
of the pons; a fuller description of this would have been acceptable, that 
which he gives is very schematic. The symptoms are grouped into syndromes 
each of which is determined by the anatomical distribution of the artery 
which is blocked; this facilitates description, buf it is obvious that even in this ` 
compact and highly organized portion of the nervous system many cases refuse 
to fall into any such rigid classification. This does not, however, invalidate 
the clinical and anatomical observations which are published. One of the 
most interesting symptoms occasionally associated with lesions of the brain- 
stem, the so-called “palatal nystagmus,” is discussed at length, and the author 
concludes that it is directly due to a special form of change in the bulbar 
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olives—the so-called “olivary hypertrophy ”—which is usually secondary to 
interruption of the central tegmental tract or of other fibres related to the 
olives. 


Volume Jubilaire en l'honneur du Professor Dr..C. I. Parhon. Jassy: 
Brawo. 1934. Pp. 555. 


In celebration of the 60th birthday of their eminent colleague, the 
Roumanian Society of Neurology, Psychiatry, Psychology and Endocrinology 
have published this volume of 55 papers on subjects in which Professor Parfion 
is interested. Only a small number are devoted to neurological subjects, but 
some of these, as that on compression of the cord by tumours, are valuable 
contributions. Others deal with psychiatric and criminological problems and 
with the functions and disturbances of the endocrine organs. The volume is 
a fitting compliment to a distinguished neurologist whose activities have been 
characterized by the generous scope of his interests. 


Nouveau Traité de Psychologie. Par Gzrosezes Dumas. Tome 
Quatrième. Les Fonctions et les Lois Générales. Paris: Librairie 
Félix Alcan. 1934. Pp. 628. . 


This rather tardy but welcome volume of the series is in two parts, of 
which the first deals with the general organizing functions of the mind and 
the second with the general laws of mental activity. In spite of the somewhat 
unprecise nature of these topics the treatment is neither diffuse nor obscure. 
Professor Piéron is the author of the first two chapters, dealing with attention 
and memory, together with habit; he presents the matter in a critical, 
undogmatic and matter-of-fact way. After Henri Delacroix’s brief paper on 
the association of ideas, in which the Freudian contribution to this subject 
receives unduly meagre notice, there is a more abstruse chapter on 
Schematization by Revault d’Allonnes. Professor Georges Dumas then 
presents what is rather an essay on Symbolism than a scientific exposition ; 
there is much discussion of symbols as used in ordinary language and literature, 
especially French, and in religion. Professor Dumas is very cautious in his 
views and scarcely mentions the more audacious theories as to the rôle of 
symbols in mental life. Professor Blondel writes a valuable but somewhat 
sceptical exposition of the notions of synthesis‘and automatism which have 
played so conspicuous a part in French psychology. Pierre Janet briefly 
reviews the normal and pathological facts which can be brought together 
under the conception of psychic tension and its oscillations, Professor Poyer’s 
. contribution deals with the difficult but very important subject of fatigue and 
intellectual work ; it is incomplete in its survey of the relevant literature but 
covers most of the significant matters. The last chapter, on sleep and waking, 
is in the expert hands of Professor Claparéde: it is a striking example of the 
spirit that appears in all the contributions to this work, in that it gives a 
balanced, critical account of what has been discovered, together with a full 
statement of the gaps and problems that remain, 
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Schizophrenia : Statistical Studies from the Boston Psychopathic 
Hospital, 1925-1934. Published by the Massachusetts Society for 
Mental Hygiene and the Boston Psychopathic Hospital. 1935. 


Psychiatry is still in the stage at which statistical checks upon clinical 
belief and research are essential. In the eighteen papers here reprinted, a 
patient attempt has been made to study various aspects of schizophrenia and 
other conditions by the application of strict statistical methods to the data 
collected by psychiatrists and social workers. Professor Edwin B. Wilson, of 
Harvard, who directed the statistical work, points out in his foreword how 
trifling and even misleading in its apparent results may be the mechanical 
correlation of a huge number of items, and how desirable is the development 
and discussion of working hypotheses and the selection of a limitea number of 
variables for study. Professor Macfie Campbell and his colleagues have been 
impressed during the research by the inadequacies in clinical records. These 
points are expanded in the various papers, which indicate that a strict investi- 
gation of this sort may at first appear to increase the difficulties of psychiatry 
by disposing of some easy generalizations and widely held assumpiions, while 
clearing the way for further study and establishing some important correlations. 
There is in this collection very little that is new or surprising, but it is valuable 
for the critical outlook which informs the articles and the method of research 
pursued, 


Life and Soul: Outlines of a Future Theoretical Physiology and of a 
Critical Philosophy. By Max LOEWENTHAL. London: Allen 
and Unwin. 1934. Pp. 291. Price 8s. 6d. 


The author of this work offers an interpretation of vital phsnomena in 
which the conceptions are partly those of physics and partly of philosophy. 
His argument is clearly presented and well-knit but quite speculative, some- 
times at variance with current physics and philosophy, and insufficiently 
related to the central problem here discussed though not clearly stated. His 
views on the spacial properties of psychic images seem untenable. The intro- 
ductory chapter, in the first part of the book, deals with cellular structure and 
physiology, the next chapter with the general properties of living matter, and 
the third with chemical dynamics. There is a brief historical survey and then 
comes the second part in which philosophical considerations as to the outer 
and inner world are brought into the writer’s general scheme. 


Psychotherapie: Ein Lehrbuch fiir Studierende und Aerzte. Von H. 
KoGERER. Wien: Wilhelm Maudrich. 1984. Pp. 167. Price 
Rm. 10. 

As in almost all manuals of psychotherapy there is here much more about 


psychopathology than about actual therapy. The reader seeks in a work with 
this title for advice as to the technique of treatment, the indications, the risks 


Ed 
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and the methods, but he- finds only fifty-five pages dealing with these subjects, 
while there are thirty-three on the causes of mental disorder and seventy on 
the symptoms, mechanisms, and other clinical features of such illness. In 
this last clinical section there are also brief incidental references to psycho- 
therapy, but the work as a whole is really a cursory textbook of psychiatry 
written from the standpoint of a psychotherapist who deals mainly with 
neuroses. The sections on treatment are sensible and are based on much 
experience. The customary half-bistorical, half-critical survey of the various 
European schools of interpretative morbid psychology is well done, though 
nowadays tedious through repetition. The many illustrative case histories 
are Interesting as showing the author’s material, methods and success. 


Les Encephalities Psychosiques. Par L. MARCHAND et A. COURTOIS. 
Paris: Le François. 1935. Pp. 144, Price 25 fr. 


The authors deal here with forms of cerebral infection which manifest 
themselves predominantly or only by mental.symptoms. Their course may’ 
he acute, subacute or chronic, and while most are probably infective, in others 
intoxications or disturbances of metabolism may be the eausal factors. In- 
flammatory changes can be generally demonstrated in the brain or its 
membranes in patients who succumb in the acute phases of the disease. The 
so-called Acute Delirious Mania is perhaps the commonest and best defined 
of the acute conditions, but other cases follow childbirth, surgical operations, 
and local or general infections as acute rheumatism or influenza. The large 
proportion of cases which occur among the insane is very striking. Emphasis 
is laid-on the high figure of the blood urea which is almost constant. 

The symptoms and the pathological changes in both the acute and chronic 
forms are excellently described in this small volume, which is undoubtedly a 
valuable contribution to a subject which has scarcely received the attention if 
deserves. 


The Problem of Mental Disorder. A Study undertaken by the Com- 
mittee on Psychiatric Investigations, National Research Council. 
Edited by M. Bentley and E. V. Cowdry. London: McGraw Hill 
Publishing Co. 1934. Pp. 388. Price 24s. 


This account of the present outlook for research in mental disorder has 
greater scope and authority than any other work on the subject in English. 
The difficulty of the problem is frankly recognized; no attempt is made to 
extenuate our present ignorance and impotence with regard to a great deal of 
mental illness. ‘The editors are not psychiatrists, but they have enlisted some 
of the foremost workers in this field in the United States, so that in the first 
part of the book Professor Macfie Campbell, Professor Adolf Meyer, Dr. 
Wechsler, Dr. Myerson and Dr. Kubie present different aspects of the clinical 
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point of view. Dr. Kubie is a persuasive and modest representative of psycho- 
analysis. Apart from his contribution there is throughout the book evidence 
and even plain statement of a general impatience with the extreme claims of 
the psychoanalysts, unsupported as they are by any acceptable evidence. The 
second part of the book consists of papers on physiology, anatomy, bio- 
chemistry, biology and genetics, nutrition, endocrinology, psychology, phar- 
macology and anthropology, in which the bearing of such studies on the 
central theme is surveyed. Among the contributors here are Cobb, Cowdry, 
Penfield, Judson, Herrick, Minot, Yerkes, Bentley and other scientists of 
repute. In the face of the eager, not to say unprincipled, claims occasionally 
made for some individual method of study or treatment, it is salutary to have 
go honest, authoritative and hopeful a survey as that contained in this 
* symposium. 


Hallucinations et Délire. Les Formes Halluctnatotres de l Automatisme 
Verbal. Par H. Ey. Paris: Félix Alean. 1934. Pp. 192. 
| Price 15 fr. 


Dr. Ey brings tegether very clearly in this little book the views expressed 
in earlier papers which attracted attention among those interested in the 
problem of hallucinations. It is with psychomotor hallucinatory experiences 
that he is especially concerned. Discarding any atomistic view, hs sees these 
as part of the whole delusional disorder, as an active expression of the patient's 
personality. It is upon the “error” rather than the sensory quality in the 
hallucination that he insists; he considers it the result of a fall in the psychic 
level determined by organic or by affective factors. After an introduction in 
which the notion of automatism in psychopathology is examined, there are 
chapters on the relation of hallucinations to images, language and inner speech, 
as well as on feelings of influence and passivity. The writer's views are put 
forward soberly and convincingly. 


Writers of ‘Original Articles and Clinical Cases” are supplied free of charge 
with 50 copies reprinted in the form in which the paper stands in the pages of 
“Brain.” If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
from Messrs.“ BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 
London, W. 

Members of the Neurological Section of the Royal Society of Medicine can 
obtain the Index of " Brain” for the Volumes | to XXIII inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin’s Street, London, W.C., at the price of 8s. 8d., post free. 

To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 6d. net, and the volume may be obtained 


through any bookseller, 
EDITOR, 
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PART 3, VOL. 58. i ° 


THE ORIGIN OF THE BERGER RHYTHM. 
BY E. D. ADRIAN AND K. YAMAGIWA. 


In a recent paper Adrian and Matthews (1934b) have discussed the 
origin of the Berger rhythm, the characteristic oscillation of electric 
potential on the surface of the head reported by Hans Berger in 1929.. 
It consists of a series of waves with a frequency of about 10 a second, 
and an amplitude of 0°05-0°1 millivolts, appearing when the subject is 
at rest with eyes closed and disappearing when the eyes are opened or 
when the attention is fully engaged. Berger (1929-35) has shown that 
the potential waves originate in the brain and has made a detailed study 
of the factors which influence them. Adrian and Matthews repeated 
and confirmed many of Berger’s observations but gave a different inter- 
pretation of the rhythm. This was based on the view that the activity 
responsible for the potential waves is confined to the occipital lobes, 
whereas on Berger’s interpretation the whole cortex is Involved. The 
present work was undertaken to supply more definite evidence on this 
question, since it is of critical importance in deciding the nature of the 
rhythm. 

Berger supposes that every part of the cortex, when active, gives rise 
to potential waves at 10 a second. The disappearance of the rhythm 
when the eyes are opened is due to a widespread inhibition, the excitation 
of a part of the brain causing an inhibition elsewhere with the result 
that the potential changes (though actually larger in the excited region) 
are no longer perceptible through the skull. This view depends on the 
fact that the potential waves can be detected in almost any part of the 
scalp. It was criticized by Tönnies (1933) on the ground that the 
potential changes, though perceptible elsewhere, appear to arise only 
from the occipital part of the brain. Adrian and Matthews, for the 
same reason, suggested that the rhythm is a spontaneous or resting 
discharge from a large group of neurones in the occipital lobe, neurones 
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mainly concerned with vision. When the eyes are shut these are left 
undisturbed and are free to beat in unison at their natural period ; 
when the eyes are opened the different units must work at different 
rates and a synchronous beat is no longer possible. 

Adrian and Matthews argued for an occipital origin becanse the 
potential changes are much greater over the occipital part of the head 
than over the frontal. They argued that the active region must be 
concerned with vision (a) because the rhythm is abolished far more 
effectively by visual stimuli than by any other kind, and (b) because 
exposing the eyes to a flickering field gives rise to potential waves 
with the same general distribution over the head but with the frequency 
of the flicker instead of the usual 10 a second frequency of the Berger 
‘rhythm. They found, however, as Berger had done, that the waves 
recorded simultaneously from two different parts of the skull were not 
always in phase and might change their phase relation from time to 
time. To account for this they had to suppose that the focus of the 
activity was not at a fixed point, but might shift over a fairly wide 
area at the back of the head. The extent of the area was not decided, 
but it was recognized that the next step must be to map it as accurately 
as possible, and that no explanation of the rhythm could be considered 
satisfactory until this had been done. 

The present work is concerned primarily with this question of the 
localization of the focus of activity and the extent of its movement. 
Our method has been to map out the distribution of potential over the 
head from moment to moment by recording simultaneously from 
different points with three and sometimes four oscillographs. Our 
conclusion is that the Berger rhythm is commonly due to an activity 
which has a focus in the occipital region of each hemisphere. In some 
individuals the focus seems occasionally to overstep the limits of the 
occipital lobe, but asa rule it is confined to this lobe, shifting its position 
from time to time. Although the beat may arise within a relatively 
large area we do not think that the explanation put forward by Adrian 
and Matthews needs to be modified except in some unimportant details. 


METHOD, 


The apparatus used for mapping the potential gradients consists of 
four separate amplifiers and oscillograph systems arranged to record 
simultaneously on bromide paper. It is almost identical (apart from 
the introduction of a fourth oscillograph) with the three oscillograph 
systems used by Adrian and Matthews (1934a) for mapping potential 
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distributions on the exposed cortex of animals. The essential feature in 
each of the amplifier sets is the balanced (push-pull) input stage intro- 
duced by Matthews (1934), for this avoids the necessity of earthing one 
of each pair of electrodes. As arule a small coupling condenser (0'1 mf.) 
was used in each amplifier to prevent slow movements of the base line, 
but, as this would lead to some distortion of the waves, controls were 





Fic. 1.—Four oscillographs connected with the same pair of electrodes. The records 
should be identical, but the top tracing is made by an ink-writer oscillograph of low period 
and does not show the small, rapid deflections present in the others. Subject sitting with 
eyes closed. The maximum potential change is about 70 microvolts. Time marker (above) 
four spaces equal one second. 


made from time to time with large condensers (2 mf.) in place of the 
small. Three of the oscillographs were of the Matthews optical type 
(period about ggg second). The fourth was a Matthews ink-writer 
oscillograph (period jz second) with a light pointer attached to the 
writing arm and arranged to throw a shadow at the side of the film. 
Sensitivity was adjusted by a tapped volume control in each set. The 
performance of the system can be judged from fig. 1, where all four 
oscillographs are connected to the same pair of electrodes and should 
give identical records. The ink-writer oscillograph cannot follow the 
most rapid excursions and sometimes lags behind the others when there 


c 














. 


(uar — 


Fic, 2.—Diagram of electrode. S, rubber slab; T, glass tube; W, spiral of silver wire 
coated with silver chloride ; C.W., cotton-wool in gelatin ; R, rubber guard ring. 


is a sudden large movement. In spite of this it has been of great value 
to have records from four sets of electrodes instead of three only, 

The electrodes were moist pads held in contact with the scalp by a 
rubber bandage. After trying various forms we found that the most 
convenient was that shown in fig. 2. A short length of glass tube 
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7 mm. in diameter is plugged with cotton wool and filled with gelatin 
jelly made up with saline. At the closed end of the tube is a coil of 
silver wire coated with silver chloride. The cotton wool protrudes 
from the open ends and is moistened before use with saline, but the 
moisture is prevented from spreading over the scalp by a rubber ring 
surrounding the end of the tube. The electrode is held in a rectangular 
slab of rubber which can be bandaged to the surface of the head. A 
photograph showing six of these electrodes in position is given in fig. 3. 





Fic. 3.—Electrodes in position along median line in K.Y. 


In the earlier experiments the subject, either K.Y. or E.D.A., sat 
with the head resting on a pillow to allow the neck muscles to be relaxed. 
The experimenter gave the order to open or close the eyes and recorded 
the onset and failure of the rhythm as well as its course whilst the 
eyes were closed. Many long records were taken on slowly moving 
paper to detect occasional abnormalities in the potential distribution. 
To map out the gradients in the back to front direction the electrodes 
were arranged in the mid-line and the distance of each from the nasion 
was measured in inches. Dr. Barclay kindly made X-ray photographs 
of our skulls in the median plane and from these contour diagrams 
were made on which the correct position of the electrodes could be 


ı For our failure to measure in centimetres we can only offer the inadequate excuse that 
our tape measure gave only inches. 
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marked. These diagrams are attached to most of the records which 
follow. Six other subjects were investigated by the same method after 
the details of the technique had been worked out on ourselves. 


RESULTS. DISTRIBUTION OF POTENTIAL IN THE MEDIAN PLANE. 


When the electrodes are arranged along the mid-line the records of 
the Berger rhythm always show long stretches in which the maximum 
electrical activity is clearly in the occipital region. Two such recofts 
are given in figs. 4and 5. The electrodes are spaced at intervals of 
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Fic. 4.—Potential waves of ** rhythm in E.D.A. recorded with three oscillographs 
from electrodes in positions shown in skull diagram. Focus at 13 in. from nasion. 
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Fie. 5.—Potential waves of Berger rhythm in K.Y. recorded with four oscillographs. 


2 to 3 in. and in both records the waves recorded from the hindermost 
pair of electrodes (bottom tracing) are in the opposite sense to the 
waves at the other two pairs. This is represented by the V-shaped 
marks on the skull diagram. The direction of the waves shows that the 
potential gradients on the scalp come to a focus near the electrode at 13 in. 
from the nasion. The reversal of the gradients of this point is not 
enough, in itself, to show that the maximum change occurs there: for 
if it were in the frontal region, the gradients would converge towards 
the occiput because the potential there would not change at all. But 
the maximum is certainly in the occipital and not the frontal region, 
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for the waves recorded with one occipital electrode and one on an 
indifferent part of the body are very much larger than those with a 
frontal electrode instead of the occipital. Further proof is given by the 
fact that the potential gradients become much steeper towards the back 


_of the head. In fig. 5 this is not evident, for the oscillographs were not 


adjusted for equal sensitivity, but the relative sizes can be seen in their 
correct proportions in fig. 6 where all the oscillographs are equally 
‘sensitive and the electrodes are spaced at equal intervals. 





Fic. 6.—Waves in K.Y. shown in correct proportion, with oscillographs at equal 
sensitivity and electrodes at equal intervals. 


In figs. 4 and 5 the waves from each pair of electrodes preserve the 
same phase relation throughout the record but not the same relative 
size. Presumably the focus, i.e. the point at which the potential 
gradient is reversed, shifts slightly, though never enough to reverse the 
average gradient between any two electrodes. But in any long record, 
from E.D.A. or K.Y., there are periods when the focus shifts con- 
siderably. A shift in the caudal direction is illustrated in figs. 7 and 8 
which are from the same experiments as figs. 4 and 5. In both of these 
the gradients during the first part of the record come to a focus ata 
point some distance above the external occipital protuberance, but in 
the latter part the focus seems to have moved round towards the base 
of the skull, for the waves from the lowest pair of electrodes are now 
in phase with the others. 

Clearly the first point to decide is how far the focus can shift in 
either direction. We cannot follow it round the base of the skull, for 
as soon as the lowest electrode comes to lie on the neck muscles it 
leads in effect from the whole undersurface of the skull; but the limit 
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upwards and forwards can be determined by taking long records with 
various spacing of the electrode. Our first attempts to do this gave 
uncertain results, for we used electrodes spaced too far apart. It will 
be seen from the diagram in fig. 9 that with wide spacing the gradient 





Fic. 7.—Movement of focus downward. Record from E.D.A. 





Fic. 8.—Movement of focus downward. Record from K.Y. 


may seem to reverse at a considerable distance from the true focus. 
However, it is quite possible to work with the electrodes close together 
and to explore the whole circumference of the head systematically with 
four or five electrodes in line one inch apart. By this method it was 
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found that over the whole line from about 5 to 12 in. from the nasion 
in K.Y. and 5 to 104 in. in E.D.A. the waves, if appreciable at all, were 
in the same direction. Behind the 12 in. point and sometimes in front 
of the 5 in. point the waves might be reversed, though in the frontal 
region they are so small that the electrodes must be spaced further 
apart to give a clear record of them. 





Fic. 9.—Error in estimation of focus due to wide spacing of electrodes. Black line gives 
true potential gradient, dotted line observed gradient. Hypothetical case. 


- We shall deal first with the reversal area at the back of the skull 
where the gradients are steep. Though the forward limit is 12 in. in 
K.Y.and 104 in. in E.D.A. it was only on rare occasions that the reversal 
point was further forward than 13 in. in K.Y. and 114 in. in E.D.A. 
Fig. 10 gives a sample of the type of record on which this conclusion is 





Fie. 10.—Records from K.Y., with electrodes closely spaced. Focus at 13 in. from the 
nasion. 


based. In record A the waves in the region between 10 and 13 in. are 
always in phase and remained so throughout a record lasting for several 
minutes. In record B they are in phase at 11-12 and 12-13 in., and 
opposite in phase at 13-14, and in C the waves at 13-14 and 14-15 in. 
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go together and are opposite in phase to those at 12-13. The focus is 
therefore at 13 in. ; though in both the latter records there were periods 
(not shown in the figure) when the waves were in phase in all three 
oscillographs, the focus having shifted downwards as in figs. 7 and 8. 
The extent, in E.D.A. and K.Y., of the occipital region in which the 
reversal may occur is shown on the skull tracings in fig. 11. The differ- 





Fic. 11,—Tracings of X ea ge of skull from E.D.A. and K.Y., showing the 
region within’ which the maximum potential change ig found. 


ences between us seem to be mainly due to the difference in the shape 
and size of our skulls, for the distance from nasion to inion is 14 in. less 
in E.D.A, than in K.Y. 
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Fic. 12.—Record from K.Y., showing reversal of waves in the frontal region. The 
oscillograph from the frontal electrodes (white line) is working at greater sensitivity than 
the rest as the changes are very small. 


The frontal area in which reversal sometimes occurs is not indicated 
in the figures. It is difficult to estimate its size, as the waves here are 
very small and may be obscured by action potentials from the facial 
muscles. A record showing the reversal in the frontal region is given 
in fig. 12 and it occurs in one place in fig. 6 (in both of these the elec- 
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trodes were widely spaced). From experiments with closer spacing it 
does not appear that the reversal point was ever more than 5 in. from 
the nasion. In the six other subjects examined the same general dis- 
tribution of potential was found. In all of them the gradients were in 
the same direction over a length of 5-6 in. on the top of the head, the 





A.H. 


Fic, 18.—Tracing of X-ray photograph of A. H.'s skull, showing region of maximum 
potential change. Compare with fig. 11. 

reversal occurring in the occipital region. In two of them, however, 
the focus was much more stable than in K.Y. or E.D.A., never moving 
far down towards the base of the skull and remaining within the narrow 
limits shown for one of them in fig. 13. The range of movement was 
not found to vary appreciably from one day to another, either in these 
cases or in those with the wider range. 
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Fig. 14.—Potential gradients along the mid-line of the scalp in K.Y., from various 
records. The shape of the curve near the maximum is conjectural. The potentials given 
are measured from the trough to the crest of the wave, 


The results in the case of K.Y. are summarized in the curves in 
fig. 14 which give the potential gradients for a number of waves selected 
at random. Since it is impossible, when the electrodes are closely 
spaced, to make simultaneous records covering the whole length of the 
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head, the curves do not always include the point where the gradients 
are reversed. They show, however, that the gradients have the same 
general form in relation to the reversal point wherever this may be. 
Curves from the subject A.H. are given later in fig. 21B. 


DISTRIBUTION OF POTENTIAL ON THE LATERAL ASPECT OF THE 
SKULL. 


The potential gradients along the horizontal circumference of tht 
head have been investigated in the same way by recording with three 
or four oscillographs. The electrodes were placed on a line drawn along 
either side of the head, from nasion to inion, or on a line parallel to this 
but an inch higher. 

In every subject examined it was found that if two pairs of electrodes 
were placed one on either side of the head at distances anywhere 
between 3 and 8 in. from the inion, the waves always had the same 
phase relation, the potential gradients converging towards the back (or 





Fic. 15.—Record from A.H., with electrodes arranged laterally. Focus on either side 
2 in. out from mid-line. 


front) of the head. The relative size of corresponding waves on either 
side was not constant, and occasionally the rhythm was present for a 
few beats on one side and absent or too small to detect on the other, 
but evidently the two sides are so closely linked that the phase relation 
cannot vary. 

When one side is explored in detail it is found, as with the records 
from the mid-line, that over most of the lateral aspect of the head the 
waves are always in phase. In the occipital region there is a reversal 
of the gradient, usually at about 1 to 2 in. from the mid-line, A 
comparison of records made from either side of the head shows that as 
a rule there is a distinct focus of activity in either hemisphere. In 
fig. 15 the two foci are shown in a single record, but such records are 
uncommon, for with four oscillographs they can only be obtained when 
the potential changes on either side of the mid-line are approximately 
equal and when two of the electrodes happen to lie very near to the focal 
points. The two foci are sometimes so close to the mid-line that they 
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“Fie ‘16.—Failure to detect double focus owing to spacing of electrodes, PER 
a gradients, &c. 
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— EPEN. -Magnitude and direction of waves recorded laterally; The diagram is ‘based 
a — records from K.Y. and A.H. It is not to scale and the focus is represented as stationary. 
mes Actually it may be in any position from the mid-line to 24 in, out. 


| gt: activity somewhere near the mid-line and prestiiiably, if there were > l 
enough oscillographs to make them, simultaneous records from the other 
side would show a focus there as well. — 

From time to time the focus shifts laterally as it dows vertic: ly 

limit of outward movement being about 2 to 24 in. . from the d. 






























~ the shift is mal — symmetrical on either side, and "as 
potentials are often greater on one side than the other it is p 
that the active areas may be unequal. We have not obse: 

reversal of the gradients in the frontal region, but as a rule- 

impossible to detect any waves in the region between the cent 
the forehead and 4 in. to either side. As with records from: 
— plane the gradients become progressively steeper towards the bac! = 
the head. i. 
‘These findings are summarized in the diagrams in fig, ‘LT for. th 
two subjects K.Y. and A.H. poe ~ 





ORIGIN OF THE POTENTIAL CHANGES. 


= ` (a) Possible muscular origin.—Fig. 18 shows the regions of maximum | : 
: n potential change at the back of the head in the subject A.H. Itimme- žć = 
diately suggests two possible sources for the Berger rhythm. The 
active regions might be (a) the occipital lobes of the brain or (b) the 
occipital part of the epicranius (occipito-frontalis) musele. It is true 
that the evidence for a cortical origin of the Berger rhythm is fairly . 


* 
{33 z? 555 





x Fre, 18.—Tracing of skull of A.H. viewed from behind, showing areas in which the foot 
. are to be found, 


conclusive. Moreover, a peculiar type of muscular activity wil be 
needed to produce the characteristic wave form of the Berger- rh ü 
and there is no reason to suppose that the epicranius musele- wou 
develop such activity when the eyes are closed. There is, howeve 
simple way of deciding whether this muscle is concerned. The epicra 
is supplied by the 7th nerve and so in a case of facial paralysis (Bell 
palsy) the muscle will be paralysed on one side of the scalp but not o 
-othe other. Will this make any difference to the magnitude or direction 
o of the potential waves recorded from either side of the head? o o 
-Only one case has been examined, but the results were quite defi 
ysis had lasted six weeks and there was already a slig 
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of recovery in the facial muscles, but the movement of the scalp showed 
that there was no contraction in the occipitalis on the affected side when 
the patient was asked to raise his eyebrows, although on the sound side 
the contraction was well marked. In spite of the unilateral paralysis of 
the scalp muscle simultaneous records of the Berger rhythm from either 
side of the head gave the normal distribution of potential. The waves 
from the right side of the head were no smaller than those from the left. 
— &en more conclusive is the fact that, as in normal subjects, there was 
a reversal of the potential gradient an inch or more from the mid-line 
on either side. The existence of a distinct focus to the right of the mid- 
line can be seen in fig. 19. Since this focus is immediately over the 
paralysed muscle we can safely rule out the epicranius as a source of the 
Berger rhythm. 





Fic. 19.—Record from E.T., with paralysis of right occipitalis muscle. Potential 
gradients as usual. During the record the change is greater on the right side than on the 
left. 


(b) Cortical origin.—There is no reason to doubt the possibility of 
detecting cortical potential changes through the unopened skull, for 
Kornmiiller (1933) and Tönnies (1933) have shown that this can be 
done in animals. For the potential changes of the Berger rhythm the 
evidence for a cortical origin has been given in detail by Berger and 
confirmed by Adrian and Matthews. But the latter authors have 
pointed out that the potential distribution over the scalp may be modified 
considerably by the existence of a large defect in the bone. It is 
conceivable, therefore, that the distribution of potentials which we 
have found in the normal subject might depend on the physical 
properties of the medium enclosing the brain, i.e. the resistance of 
the skull in different parts, the presence of blood sinuses, etc. 

As against this there is the fact (a) that the distribution of potential 
is by no means constant, the focus shifting an inch or more in a single 
record ; and (b) that the resistance of the skull is not markedly less in 
the occipital region than elsewhere. Itis true that our evidence for the 
last statement is scarcely conclusive, for we have examined only two 
skulls and by a method of no great accuracy. Small cylinders of bone 
were removed from the skulls within forty-eight hours of death. A 


aw 





ge cylinder of bone was set up in line with a cylinder of the same dimen- 
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sions cut from a block of fixed animal tissue or of gelatin made up with — | 
saline, and three non-polarizable electrodes were arranged, two’ atot Ree 
exposed ends of the cylinders and one leading from between. 
opposed faces. A potential of 0°05 millivolts was applied sudd 
between the ends of the cylinders and the resulting potentials: between ; 
the different electrodes were recorded by an amplifier and oscillograph. J 
As the amplifier was condenser coupled only the initial value of thet" 
deflection was measured. By comparing the fall of potential over the A 
- two cylinders, it was found that the resistance of the bone was eight = 
to fifteen times as great as that of the corresponding cylinder of 
tissue in saline ; but the resistance of the skull did not vary with its . 
thickness and was evidently due to the denser outer and inner tables: 
In one case a cylinder from the occipital bone 5 mm. thick had a 
resistance 14 times as great as a cylinder 8 mm. thick from the frontal 
bone of the same skull. 

The skull will therefore interpose a high resistance layer between 
the cortex and the scalp, and this will deprive the potential map of 
much of the detail and sharpness of outline which it would have if the 
electrodes were applied directly to the cortex. Yet, assuming that the 
skull resistance is uniform, a reversal of the potential gradients at a 
_ point on the scalp will imply a reversal in the cortex immediately 
beneath. There are, no doubt, irregularities in the skull resistance 
which might distort the scalp map to some extent, but hardly to the 
extent of shifting the whole region in which the reversals are found to 
occur.* 

We have attempted to check these arguments by establishing 
potential gradients within the skull and finding the corresponding 
distribution over the scalp. The observations were made on a cavader 
four days after death. To produce a potential change corresponding 
with what might be expected to occur in the cortex we used a disc of | 
thin rubber 1ł in. (3 cm.) in diameter covered on either side with copper 
wire gauze to which insulated wires were attached. The metal faces of 
the disc were connected with a coil placed over a rotating magnet and 
giving a potential oscillation of a few millivolts at a frequency of 10 a 
second. The disc was placed on the surface of the cortex in various 
regions and the dura, skull and scalp were closed over it, cracks in the 
bone being stopped with plasticine. Electrodes leading to the th 















1 See the valuable analysis of the current distribution through the skull given by. To 
(1983). —— 


338 ORIGINAL ARTICLES AND CLINICAL CASES 


oscillographs were bandaged onto the head inthe usual way and records 
were made of the potential waves in the scalp. 

The object of the experiment was to find out how closely the position 
of the disce could be located by records from the scalp. Those given 
in fig. 20 show that the localization is reasonably close. The scalp waves 
are reversed: (a) In the occipital; and (b) in the precentral region 
according to the position of the underlying disc ; and in (c) the focus is 


“™“sisghtly to the right of the mid-line when the disc is slightly to the right. 





~A 





Fic. 20.—Records from cadaver, Potential waves at ten a second, due to rotating 
= connected to disc on cortex. Scalp electrodes and disc in positions shown in 
iagrams. 


A. Centre of disc 11} in. from nasion, Gradient reversed at 11 in. 
B. Centre of disc 6 in. from nasion. Gradient reversed at 54 in. 
C. Centre of dise 4 in. to left of mid-line. Gradients reversed at l-in. from mid-line. 


By exploring with electrodes close together it was found that a shift 
of 1 in. in the position of the disc could be readily detected. It was 
also found that there was no sign of distortion of the potential 
distribution on the scalp, either in the lateral or in the back to front 
direction. 

It is interesting to compare the potential gradients set up artificially 
with those occurring naturally. Fig.21 A shows the potential gradients 
in the cadaver produced by an oscillation of 1°8 millivolts applied to the 
disc on the surface of the occipital lobe. The abscisse give the distance of 
the scalp electrodes from the nasion and the position of the dise. Fig.21 B 
gives the gradients for three waves of the Berger rhythm in the subject 
A.H. This subject was chosen for the comparison because in him the 
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ttot front and. ‘back. of the head is 3 about one-tenth of 
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Fic. 21.--Comparison of gradients produced artificially. (A), and. aii ën 
Berger rhythm from A.H. (B}. Readings are given for three successive waves of th 
rhythm. a 


between the recorded and the applied potentials was found in: not) 
< cadaver, using sudden potential changes instead of repeated — Wi 
© With a disc ? in. (2 cm.) in diameter the ratio fell to about 1 p 
- Thus an active region 1} in. in diameter should give waves of tl 
found in the Berger rhythm (about 0°05 my.) for a potential of 
_ or less between active and inactive regions on the surface of t} 


This i is well within the range of the potentials which can be 
> BRAIN—VOL, LVI 















from the exposed cortex in animals. It is true that the current distribu- 
tion round an active region in the cortex must be different in many 


respects from that round a metal-coated dise lying on the surface; ito — 

is satisfactory, however, to find that the artificial system does not need = 
impossibly large potentials or an impossibly large active area to give 

 - potential waves of the right order on the scalp. 3 


Since there is no evidence of distortion due to the skull if must be 
mgoncluded that the main focus of activity for the Berger rhythm is in 


See the occipital part of the cortex. If there are other active regions as 


well, the potential changes due to them are not great enough to influence 
the gradients on the scalp in a recognizable way. There is the 
occasional reversal in the frontal region, but this would be a natural 
consequence of a focus of activity in the lower part of the occipital 
region. Thecurrent flow in the scalp will converge towards the point of 





Fig, 22.—-Reversal of waves in frontal region due to neutral point there. In A the 
neutral point (N) is too far down, but in B the focus of activity has moved down and the 
neutral point up. The frontal reversal would therefore appear, 


maximum potential change and must diverge from a neutral point 
opposite, asin fig. 22 A. With some of our subjects it appears that the 
occipital focus is usually too high up and the neutral point too far 
down for the frontal reversal to appear, but it may do so when the 





occipital focus moves down to the position shown in fig. 22 B. This”: : o 
explanation agrees with the fact that the frontal reversal is only found == — 


-when the region of maximum change shifts round towards the base of 
the skull; also with the fact that a frontal reversal was produced in the — 
cadaver by moving the disc into the position shown in fig. 22 B. 


CORTICAL AREA RESPONSIBLE FOR THE R#AYTHM. 


The extent of the area in which the maximum potential change can 
occur has been shown already in figs. 11 and 13. In A.H. (fig. 13) it 
would correspond to an area on the cortex lying well within the margins 
of the occipital lobe, but in E.D.A. and K.Y. the area must extend 
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— l above the parieto-occipital sulcus. This may be seen from ig 98 in 





— as though it were concentrated into a disc 1 or 2 in. in diam ete —_— 
it is quite possible that similar potential gradients would result if some > 
foes ok the active units were scattered over a larger area. E 














which a map of the cortex is fitted to the X-ray tracing of E] 
skull. Although Area 19 rises higher laterally than in the midli 
does not seem large enough to account for all the positions to which 
focus may move. We must also reckon with the fact that the foe 
marks the centre and not the boundaries of the active. region. 7 
observations in the previous section show that the active region behav 





Fig, 23.—-Map of cortex fitted to tracing of B.D.A.'s skull, 


It is probable, then, that the activity which gives rise to the Berger 
waves may extend beyond the margins of the occipital lobe; indeed the 
focus itself may move outside the occipital area for a few beats. On the 
other hand, for most of the time the maximum activity is strictly 


= occipital; in some individuals it must he within the margins of the lobe 





for 99 per cent. of the waves, in others for 95 per cent. On rare 
occasions we have found a single wave or a series of two or three in a 

long record arising, apparently, from a focus well outside the limits = _ 
shown in fig. 11, though this occurs so seldom that we have not. beeni — S 
satisfied that the result was not due to distortion from muscle action 
potentials, kc. But there is no doubt that the focus can shift over a — eee 
considerable region which varies from one subject to another and does 
not seem to correspond precisely with a particular anatomical field. 
It is therefore unlikely that there is any hard and fast limit to ite 
movement and all that can be said is that the great majority of the 
waves are produced in the occipital lobes. It is unlikely that mar — 
the waves come from the striate area, for the focus is often as m 
2 in. from the mid-line on either side. The magnitude of the | 
makes it unlikely that they are derived from regions below th 
for there the amount of short circuiting would be much greater. 
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MOVEMENTS OF THE Focus. 


The way in which the focus may shift from place to place is con- 
sistent with the idea of a spontaneous beat arising within a large group 
of neurones. The shift often takes place suddenly, the potential 
distribution changing in the course of a single beat and showing no 
sign of a gradual movement from the old position to the new. This 
can be seen in the records in figs. 8 and 9, where there is a sudden 

“™"Ses{t towards the base of the skull. But most records of the Berger 
rhythm will show regions of periodic increase and decrease in the size 
of the waves, and during these there is often a gradual movement of 
the focus. An example is given in fig. 24 where the focus moves down 
gradually from a position above 12} in. to somewhere between 13} and 
144 in. If only one oscillograph were in use and the electrodes 





Fic. 24.—Record from E.D.A., showing gradual movement of the focus. 


were at 12} and 15} in. the maximum potential would be very large in 
the middle of the record where the waves from all three oscillographs 
are in phase and very small at the end where I and III are opposite in 
phase. Thus an apparent waxing and waning in activity, if recorded 
from one pair of electrodes, may be due mainly to a shift in the focus. 
Needless to say the changes in size of the waves are often due to 
genuine fluctuations in the activity of the cortex, depending probably 
on fluctuations in the number of neurones which take part in the beat. 
It is interesting to find that fluctuations in activity are often 
accompanied by a characteristic change in the nature of the beat. 
When this proceeds regularly with little variation in size, the maximum 
oscillation of potential occurs at a fixed point. The change in the 
nature of the beat is shown in fig. 25. The waves fall out of step with 
one another so that the crests and troughs no longer occur at the same 
moment in all three oscillographs. An analysis of the potential 


THE ORIGIN OF THE BERGER RHYTHM 343 


gradients in a series of such waves is given in fig. 26. There is no 
longer a stationary focus; instead each wave seems to pass along the 


line of electrodes, the focus of the activity occurring first at electrode 2, 





Fig. 25.— Records from E.D. A., showing ‘‘ moving waves,” the crests and troughs no 
longer coinciding in all three oscillographs. 
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Fic. 26.—Potential gradients at different moments during a moving wave. Waves 


shown at A (record from K.Y), It is assumed that the potential remains constant at 
electrode I (64 in. from nasion). 


then at 3 and finally at 4, though by the time it reaches 4 the wave 
has almost subsided. 


From records of this kind it is usually impossible to give more than 
a very rough estimate of the range of travel of the waves. In the 





344 ORIGINAL ARTICLES AND CLINICAL CASES 


back to front direction a movement of at least 14 in. can certainly 
occur; we have no clear evidence of movement greater than 24 in., but 
to be sure of its presence or absence would need simultaneous recording 
from many pairs of electrodes. In the lateral direction the range is 
much the same. 

Moving waves appear more often in certain individuals: more in 
K.Y. than in E.D.A. and more in E.D.A. than in A.H. But it seems 
probable that some movement might always be found if we could map 
out the potential distribution in greater detail. Thus in K.Y. if one 
pair of electrodes happens to lie immediately over the focus of activity 
the potential gradient between these two electrodes usually undergoes a 
reversal in the course of a single beat, showing that the activity has 
begun near one of them and has moved over to the other before the beat 
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Fic. 27.—Record from K.Y., showing movement of focus and resulting asymmetry of 
waves. 


has subsided. A pronounced shifting to and fro of the focus naturally 
affects the form of the waves recorded at more distant electrodes, making 
them rise and decline asymmetrically (cf. fig. 27). Whether movements 
of the focus account for all the irregularities in the wave form is another 
question, but clearly a great many can be explained in this way. 

We have, then, two distinct phenomena. The focus may move 
during each beat, the wave arising at one point and subsiding at another, 
and there may also be a shift, gradual or sudden, of the region in which 
the beat develops. Both kinds of movement might be expected in a 
region where all the units are ready to beat spontaneously and any of 
them may become the pacemaker. In fact the beats occurring in a 
fragment of the frog’s auricle, or in a mass of embryonic heart muscle 
show much the same tendency to spread asymmetrically and to start 
now from one point and now from another. 
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ATTEMPTS TO CAUSE MOVEMENT OF THE Focus. 


We have made various unsuccessful attempts to influence the position 
of the focus by producing activity in other parts of the brain. When 
the rhythm first appears after the eyes are shut the focus has shown no 
tendency to be in any particular part of the occipital area, and when the 
rhythm is abolished by opening the eyes the disappearance of the waves 
takes place without any significant change of focus. Again, there is no 
fixed tendency for the waves to appear or disappear sooner on one sfe 
of the head than on the other; we have made them disappear by uni- 
lateral stimulation, visual, tactile or auditory, but have found no clear 
difference in the records from the right and left occipital regions. 

The only definite result has come from complex activities which 
reduce the size of the waves but do not eg abolish them 


Fic. 28.—Reduction of active area by movement of focus towards the occipital pole 
during performance of a task needing great attention. Records from A.H. Above: normal, 


eyes closed. Below: writing alphabet with eyes closed. Electrodes arranged along hori- 
zontal circumference of head. 


M 
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With these we have found a tendency for the active area to be con- 
fined to the neighbourhood of the mid-line instead of spreading out 
2 in. or more laterally. An example of this is illustrated in fig. 28. 
The subject (A.H.) was asked to write down the letters of the alphabet, 
keeping his eyes shut. As often happens with an unfamiliar task, at 
the first trial the waves were completely abolished and at the third they 
were scarcely affected, but at the second they were much reduced in 
size and there was a shift of the focus towards the occipital pole. In 
two other individuals it has been possible to make the active region 
shrink towards the mid-line by imposing a task sufficiently engrossing 
to reduce the size of the waves. The nature of the task seems to be 
immaterial, for listening to and memorizing a string of numbers was as 
effective as writing the alphabet. 
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THE POSITION OF THE Focus DURING SLEEP. 


Berger has shown that in deep sleep or in narcosis from various 
anesthetics the potential waves are reduced in size and ultimately 
disappear. In these conditions some alteration of the focus might be 
expected. We have made records during sleep and have found no shift 
of the focus in the back to front direction. Unfortunately our records 
do not show whether there is any lateral shift. 

a The subject, A. H., prepared himself by going to bed very late and 
rising very early. The observations were made on two afternoons, and 
on both he slept so soundly that he could only be woken by a repeated 
sharp noise or by a vigorous shaking. When the subject lay awake 
with closed eyes the waves were almost continuous (fig. 29 A), in lighter 





Fic, 29.— Failure of rhythm in deep sleep. Records from A.H. A, awake with eyes 
closed, B, light sleep. C, deep sleep. No alteration of focus. 


A—Lowest oscillograph from electrodes at 12 and 104 in. from nasion, 
B—Middle oscillograph from electrodes at 104 and 84 in. from nasion. 
C—Top oscillograph (scarcely visible) from electrodes at 8} and 6 in. from nasion, 


sleep they occurred in groups (fig. 29 B) and during the periods of very 
deep sleep they were completely absent (fig. 29 C). As may be seen 
from the records the waves are always in phase from the three pairs of 
electrodes, i.e. over a region from 6 to 12 in. from the nasion. Waves 
recorded from electrodes at 12 and 14 in. from the nasion were opposed 
in phase to these whether the subject was awake or asleep. The focus 
therefore remains in its usual position as long as there are any waves 
to record. 
DISCUSSION. 


The foregoing results show that the Berger rhythm may arise 
within a fairly large area of the cortex, but they leave no doubt that the 
main source of the potentials is in the occipital region. The focus 
is nearly always cónfined to the occipital lobe, i.e. to an area which 
might well be set free to beat spontaneously when the eyes are closed. 
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Within this area the focus wanders about in the seemingly haphazard 
way which might be expected of a beat due to a large collection of 
neurones working in unison. Opening the eyes should increase the 
activity in the occipital area, but the excitation would not be uniform, 
the neurones would be forced to work at different rates, and a sychronous 
beat would become impossible. 

This conception of the rhythm has been discussed already by Adrian 
and Matthews and their arguments need not be repeated here, excefft 
to add that a non-uniform excitation might well involve a non-uniform 
inhibition of some of the units. This would, of course, contribute to the 
break up of the spontaneous beat. The alternative view that opening 
the eyes causes a direct inhibition of the whole active area cannot be 
altogether ruled out. It is possible, though very unlikely, that activity 
in the striate area might cause an inhibition over the rest of the occipital 
lobe. Published records from the exposed cortex in animals do not. 
suggest that there is always an inhibited zone surrounding an excited 
striate area, but it is unsafe to argue from animals toman where vision 
is concerned. 

As regards the effect of non-visual activities, we have no evidence 
to show whether the abolition of the rhythm caused by mental exertion 
differs in any way from the abolition caused by opening the eyes. 
Berger considers that both are due to the concentration of attention ina 
particular brain field with inhibition everywhere else. Adrian and 
Matthews regarded visual stimuli as falling in a special category since 
they can abolish the rhythm without making much claim on the 
attention. They suggested widespread non-uniform excitation as the 
cause of failure in non-visual activity, but admitted other possibilities. 
The present results leave the question still undecided. 

There are, however, at least two cases where the abolition of the 
rhythm is almost certainly due to a diminished activity and not merely 
to a failure of synchronization. In deep sleep the rhythm disappears 
(fig. 29), and since all muscular tone and movement (save breathing) is 
absent, we may reasonably suppose that the cortical neurones have 
become less active. The failure of the rhythm in deep narcosis (found 
by Berger) must also be due to a genuine reduction in the activity of the 
cortex. Since in the case of sleep, there is no slowing of the rhythm 
before complete failure, it is probable that a small decrease of excitability 
is enough to prevent the development of the synchronous beat. It will 
be seen that two entirely different causes have been suggested to account 
for the failure of the rhythm, diminished activity during sleep and 
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increased but non-uniform activity when the eyes are opened. Both 
suggestions rest on indirect evidence, but it is not unreasonable to 
suppose that there is a great difference in the state of the cortex in the 
two cases. 

Since the potential gradients in the scalp are due, mainly at least, 
to potential changes in the occipital lobes, the failure of toe rhythm 
must be due to a failure of these occipital potentials and not to a failure 
Of potentials developed in other parts of the brain. There is, however, 
no reason to deny that other parts of the brain may contain groups. of 
neurones which often beat at 10 a second. A frequency of this order 
is very commonly found in motor discharges and no doubt at any 
moment a large number of cortical neurones would be discharging at 
this rate.’ But their activity would be inappreciable through the skull 
if they were scattered and not working synchronously in large enough 
groups. To give adequate potential changes the neurones must form 
& compact group covering an area several centimetres in diameter 
and working as a single unit. The neurones in the occipital lobe can 
behave in this way, but it seems that there is no other part of the brain 
in which so large an area can be freed from disturbing influences. 

Since neurones may be forced to work synchronously by rhythmic 
stimuli we have tried to produce forced rhythms from other parts of the 
brain. But opening and closing the hand four times a second does not 
give potential waves of this frequency over the motor hand area and 
listening to a loud tick at 6 a second gives no corresponding rhythm _ 
over the temporal area. This lack of success is not surprising. The 
occipital area can be driven at different rates by a flickering visual field, 
but the rate and intensity must be very carefully adjusted and it is only 
with rates above 10 a second that the flicker rhythm appears without 
background disturbance. The areas involved in hand movement or in 
hearing are probably much smaller than that responding to flicker, and 
the procedures employed are less likely to induce definite rhythms. If 
rhythmic hand movements are carried out when the eyes are shut the 
frequency of the Berger rhythm is unchanged. Complex movements 
may cause & failure of the rhythm or a reduction of the active region, 
but there is no sign of any disturbance in the potential gradients in the 
region of the hand area. 


1 There are several examples of a 10 a second rhythm from other parts of the cortex in 
abnormal circumstances. For instance, Dusser de Barenne finds regular waves at 10a second 
from the motor cortex when the outer layers have been killed by thermo-coagulation, and a 
series of large waves at frequencies between 15 and 5 a second can be produced in almost any 
part of the rabbit’s cortex by injury, electrical stimulation or convulsant drugs. 
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In every scalp record there are small, rapid oscillations of potential. 
These may be due in part to the cortex, but some are certainly muscle 
action currents and at present they seem to us to be too complex 
for analysis. Berger describes a definite series of small oscillations— 
the b waves—superimposed on the primary a waves of the 10 a 
second rhythm. The frequency of the b waves is given as 35 a 
second. We have been unable to detect them in our records, perhaps _ 
because we have not used needle electrodes in the scalp, but we have 
often found small inflections on the main wave suggesting that there 
are two regions beating not quite simultaneously (cf. fig. 27). These 
are usually found in records in which the focus moves to and fro during 
each beat. They may well be due to differences in the duration and 
rate of spread of the activity in different parts of the occipital area; 
they may, in fact, be comparable to the inflections which appear in the 
electric response of a beating heart. At all events, if they are due to a, 
double instead of a single focus in each occipital lobe, the two foci must 
be linked in some way, for the inflections do not increase and decrease 
regularly as they would if the rhythms were independent. 

In a conscious subject, therefore, the Berger rhythm is the only 
cortical potential change which we can clearly identify in a record from 
the.scalp. Berger’s recent work on epileptiform convulsions shows that 
the large potential waves which traverse the cortex can be readily 
detected through the skull, but these are products of an abnormal degree 
of synchronization. Their investigation will no doubt prove the most 
valuable outcome of Berger’s discovery, for the occipital rhythm is 
disappointingly constant. The most interesting result which has 
emerged in the present work is that the focus of activity has a greater 
range of movement in some individuals than in others, though we have 
found no connection between the range of movement and any of the 
obvious physical? or mental characteristics of the individual. There 
are still many unsolved problems relating to the rhythm, e.g. the 
function of the neurones concerned, the effects of trying to see, the 


1 The degres of development of the muscles and soft tissues at the back of the head is no 
doubt one factor which limits the apparent range of movement. An electrode on the neck . 
muscles leads from an. indefinite area on the base of the skull and its potential will be that 
of a point some distance forward from the inion. Thus the waves recorded from a pair of 
electrodes, one at 18in. from the nasion and the other on the back of the neck, will be 
always opposite in phase to the waves from the top of the head, even though the focus is 
pome way below the 18 in. point, In A.H. the soft tissues immediately below the inion are 
thicker than in K.Y. or E.D.A. and this may explain the limitation of movement of the 
focus downward, but it cannot explain the whole difference. 
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relative importance of pattern in the field and of attention to it, &c. 
It was not to be expected that a survey of the potential distribution 
would throw much light on these problems. But æ detailed survey had 
to be made, for without it there could be no certainty as to the general 
nature of the waves. | 

SUMMARY. 

æ Adrian and Matthews have recently discussed the nature of the 
Berger rhythm, the potential oscillations in the scalp which take place 
when the eyes are closed. Their interpretation was based on the view 
that the waves arise in the occipital lobes from a region chiefly con- 
cerned with vision; Berger explains them differently since he considers 
that they are due to the whole cortex. The present experiments were 
made to obtain more exact evidence as to the place of origin of the 
waves. The potential distribution over the head was analysed by 

‘recording simultaneously with three or four pairs of electrodes on the 
scalp. It was found that the potential change reaches a maximum in 
the occipital region, the focus of activity on either side of the mid-line 
moving about within an area which extends laterally for 2 to 24 in. and 
upwards from the inion for about 2in. The range of movement varies 
with the individual. 

By setting up an oscillating potential within the skull (in a cadaver) 
and recording from the scalp it was found that an active region on the 
surface of the cortex could be located to within an inch by the method 
in use. Inequalities in the resistance of the skull did not produce 
appreciable distortion of the potential distribution in the scalp. We 
conclude that the focus of activity of the Berger rhythm is in the 
occipital part of the cortex, though it is probable that the activity may 
sometimes extend beyond the margins of the occipital lobe. 

Attempts to influence the position of the focus by activity in other 
parts of the brain have been mainly unsuccessful. The focus shifts 
from place to place in a way which agrees with the idea of a spon- 
taneous beat arising within a large group of neurones, and in fact the 
results are consistent with the view of Adrian and Matthews that the 
rhythm is due to the synchroncus activity of neurones which are left to 
themselves when the eyes are shut. 

The failure of the rhythm when the eyes are open is presumably 
due to increased but asynchronous activity. But the rhythm may also 
fail from diminished activity of the cortex, as in very deep sleep or 
narcosis. Apart from the waves of the Berger rhythm and the occipital 
waves induced by a flickering field (Adrian and Matthews) we have 


THE ORIGIN OF THE BERGER RHYTHM 351 


found no clear evidence of potential changes in the scalp due to the 
activity of the cortex. To give a reasonably large effect the neurones 
must act in unison over an area an inch or more in diameter. This 
can occur normally in the occipital lobe when the eyes are closed, but 
elsewhere it can only occur in conditions which favour an abnormal 
degree of synchronization, e.g. in epileptiform attacks. 
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OBSERVATIONS ON THE TERMINATIONS OF CUTANEOUS 
NERVES. 


BY H. H. WOOLLARD, 
. Anatomy Department, St. Bartholomew's Hosmtal Medcal School. 


THE purpose of the investigations about to be described was to 
discover by means of section and anatomical investigation further 
support, if possible, for the theory that the elementary sensations of 
pain, heat, cold, and touch have a punctate distribution in the skin. 

Our best thanks are due to Mr. A. McIndoe because he placed at 
our disposal his skill in cutting slices of skin at a thickness of 
“about 7; mm. To Dr. Carmichael we are also indebted because he 
carried out most of the sensory tests. 

Before undertaking the present investigation we had practised for 
a considerable time the identification of cold spots on the volar aspect 
of the left forearm of one of us. This had gone on long enough to give 
us confidence that, once having identified a definite cold spot and 
marked it, subsequent retesting would elicit nearly every time the 
feeling of cold. 

The various nerve endings which form the anatomical basis of 
punctate sensation occupy presumably some definite position in the 
skin. These, by our method of successive slices, would sooner or later 
be cut away. At the point where the ending was cut away there would 
lie the nerve-fibre which bore the ending. It was not clear what would 
happen on stimulation of the cut end of the nerve-fibre, but it has been 
assumed that its stimulation would lead to the same change in con- 
sciousness, that is the sensation would be the same as if the ending 
were present. On the other hand the threshold for the stimulus to 
excite the cut nerve fibre might be so high that no impulse would occur. 
The experiment of cutting off the ending might emphasize the 
importance of the ending for sensation, but would not throw much light 
on how it acted. 

Other studies on the distribution of endings in the skin indicated 
that a fibre in the dermis might bear a large number of similar endings 
(over thirty coming from the same fibre have been counted) but these 
would be concentrated in a tiny area, less than that covered by the 
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instrument for testing cold for instance. Other collaterals from the 
same fibre might perhaps extend outside the area of investigation. 
Theoretically such a possibility might complicate our interpretations. 

If, however, cutting off the nerve ending did abolish the sensation 
evoked when normal skin was tested we might learn something about 
the anatomy of the removed ending, the position it usually occupied in 
the different layers of the skin, and at the same time find out, if the 
sensation were preserved, whether the experiment altered its punctate 
character. Finally, when the area was healed, testing and comparing 
the condition before and after operation would determine if the sensation 
returned to its original position. 


METHODS. 


We proposed first then to remove a succession of thin slices from an 
area of skin of which a map had been made by testing and marking 
the sensitive points. The area exposed after each slice was tested im 
the same manner as before, the stimuli being applied to the same 
points by superimposing the map of the sensory points obtained before 
the first operation. Each slice removed was marked in accordance 
with the map, and submitted to histological investigation. Then when 
all sensation except that of pain had been abolished the wound was 
allowed to heal, and when healed a map of its sensory points was 
compared with the original. 

The outer side of the thigh was chosen as it is relatively poorly 
endowed with the different kinds of cutaneous sensation. Heat spots 
are rare, cold widely separated, but pain and touch are so close that, as 
elsewhere, it is not easy by mere spotting to be sure of their punctate 
distribution. Heat being the most difficult to investigate and no well- 
defined spot coming within our chosen area it was decided to omit it 
from the present investigation. A rough square was outlined, shaved, 
and tested. 

For the identification of touch the finest von Frey hairs which 
would elicit the sensation with only slight bending were used. Five 
spots which responded definitely to this stimulus were marked. 

Cold spots were identified by using a copper rod with a blunt point 
about 1 sq. mm. in area. When touched by this instrament the subject 
could distinguish the sensation of contact without any feeling of cold, 
the sensation of contact with a delayed feeling of cold, or cold which 
was felt at once as a flash when the rod was applied.- The last was 
regarded as a cold spot. Three such were marked. 


354 ORIGINAL ARTICLES AND OLINICAL CASES 


Pain spots were sought with the end of a needle and the four which 
gave the sharpest and most intense sensation were chosen. 

The selected area was protected by gauze stuck down at adges with 
mastic and repeated tests were made to ensure the correctness er the 
marking. The results of the several tests were as follows :-— 


Sensation Number of teats Successes Failures 
6 ‘Touch spots 110 98 17 
8 Coid spots 63 52 11 
4 Pain spots 33 2E 10 


Frequently after testing the touch spots a sort of after image was 
experienced which lasted for about five seconds and felt as something 
’ crawling over the surface of the skin. The sensation of contact was best 
felt when the hair was applied and when it was withdrawn. Pain and 
cold spots gave no responses when touched with the hair. None of 
the pain or touch spots gave sensation of cold when touched with the 
copper rod. Sometimes the application of the copper rod elicited the 
reply that the subject felt as though a cold bar had been placed on 
him and, when asked to point out the place where this was thought to 
be, he pointed to a region actually slightly distal to the area under 
observation. Pain was not elicited unless the needle was driven well 
into the epidermis. 

Mr. McIndoe now proceeded to shave off a thin slice cf the skin. 
This was done without any anesthetic. The operation was painless 
except for an occasional sharp twinge from particular spots which it was 
possible to compare with our skin map. We agreed that there was 
close correspondence between the pain spots marked on the map and 
the exclamations denoting the experience of sharp pain. No other 
punctate sensation was aroused. The cutting of this slice might 
be described as painless except for the pricking sensations above 
alluded to. 

The skin removed was divided into sizes suitable for examination 
by the gold chloride, silver and methylene blue methods. Blood oozed 
from many points on the exposed surface showing that the section had 
in places penetrated to the superficial layer of the dermis where the 
capillary plexus is situated. The slice was not uniform but was thicker 
towards the lower border and proximal margin. The cut was made 
from below upwards. 

The histological examination of the slice of skin removed showed 
that the knife had removed the epidermis in part. In mosi areas the 
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knife had passed through the deeper layers of the epidermis cutting 
across the apices of the papille in the corium. Towards the end of the 
cut the knife had gone deeper and the section included a fair amount of 
the capillary bed in the outer layers of the corium. The histological 
findings will be described later. 





Fic, 1.—-A photograph of the area mapped out before section. 
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Fic, 2.—A sketch for the interpretation of the marked area on the thigh. 


Touch marked by a e and numbered 1, 2, 3, 4, 5. 
Cold » ss o EEJ + 6, T ° 
Pain 5$ a r 9, 10; 11, 12. 


THE DETAILS OF SUCCESSIVE TESTINGS AS THE SKIN WAS 
REMOVED. 
The surface left by the first cut became covered with blood. This 
was mopped away and the area was immediately retested. By super- 
imposing our map the points previously marked were readily identified. 
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These gave the same responses 4s before the cut, the only — g — 


being that pain was more intense. 

Twenty minutes later the raw area was again sliced — Mr. 
McIndoe aiming to take off again a section about 75 m. thick. This 
was done without an anesthetic, but it was very much more painful 
than the first operation. There was, of course, more oozing, but it was 
possible after a short time to test the area which had been exposed. 
Twenty minutes after this second operation the area was again tested, 
using the map as before. No cold spots were found, pain was intense, 
but touch was elicited from the regions previously marked as tactile. 
Twenty-four hours later, the cold spots were now present in the upper 
part of the area (6 and 7, fig. 2), but the cold spot (8, fig. 2) in the lower — 

part of the wound had disappeared. The touch spots and the places of 
most sharp pain were identified. 
. Another slice was now removed as before. The amount of oozing 
made immediate testing impracticable, but an hour after the operation 
it was attempted. . Dr. Carmichael's examination of the wound enabled 
‘him to identify the touch spots, the points of most intense pain, and the 
two upper cold spots, but not the cold spot numbered 8 (see fig. 2). 
Three layers of skin had now been removed, and the knife was passing 
through the dermis except at the hair follicles and the longest papille. 

A considerable amount of redness and cedema was present in and 
around the wound, and the pain felt on testing was severe. The next 
day the wound was again examined. The two spots (6 and 7) in the 
upper part of the wound were still present. Both in and around the 
wound searching for touch spots with von Frey's hair frequently caused 
pain, and it was hard to be certain of the presence of touch owing to 
this confusion. Some replies of touch were obtained, but localization 
was inaccurate. This was true not only for the wound, but also for the 
region adjacent to it. Pain was acute and experienced WAETENGE 
pricked. It was not possible to bear it without flinching. 

After marking the cold spots in the upper part of the wound and 
points where contact was experienced, the wound was again sliced under 
local anæsthesia. The exposed area was now well into the dermis, 
though islands of epithelium could still be found with a lens. On 
examining the wound the following day the two upper cold spots were 
again discovered. Being near the upper border of the wound they 
continued to escape owing to the surgeon being unwilling to extend the 
wound and tending to reduce the area of each cut. To some extent, 
however, they seemed to be changing their character, becoming more 
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diffuse and losing their original precision. Touch could be felt, but 
by means of the lens it was discovered that it was experienced only 
where some portion of a hair follicle was present. Pain was felt 
everywhere, but in certain places it was more intense than elsewhere : 
it seemed to spread widely from the pricked spot. 

A final slice was now made; the wound was deep enough to reach 
in many places the subcutaneous fat which could easily be seen. 

The wound was deepest in the middle and towards the upper end. 
The upper cold spot (7, fig. 2,) was still identifiable. It had been missed 
by the knife. The second cold spot (6, fig. 2,) which had hitherto been 
recognizable was now gone. The detection of touch spots by means of 





Fic. 3.—Photograph of the wound after healing is complete. The cold spots in particular 
have been brought out. When allowance is made for shrinkage in healing it is apparent 
that they correspond with the cold spots in fig. 1. 


the fine hair test succeeded at only one point. This was at a place 
where the knife had travelled less deeply and by means of the lens the 
remnant of a hair was found. The whole wound was very painful, but 
still there were places where by pricking points more painful than the 
rest could be found. Such points gave rise to pain so severe that it 
could not be borne without flinching. The experiment was now 
discontinued. 

When the surface was healed the skin was again tested in the same 
manner as before. Particular attention was paid to the sensation of 
cold which previously had been abolished at two places. A photograph 
(fig. 3) is submitted on which touch and cold spots have been marked. 
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made for the contraction occurring during the healing of the wound the 


identity of position is established. 

Since the primary object of the experiment was to obtain niae 
tion about the anatomy of nerve-endings it is not proposed to discuss 
in detail observations which do not bear directly on this aspect. 
= This simple experiment was beset with many difficulties. It was 
not possible to cut the sections of the same size and thickness, and the 
shelving edge of the wound led to the preservation of nerve endings near 
the margin. The oozing, the pain, the coagulation on the surface of. 


the wound, and the need for an anwsthetic made immediate testing, : i 


except after the first slice, difficult, uncertain, or impossible. 

The immediate effect of cutting caused confusion of the various 
sensations. The perception of cold was immediately lost, but after a 
period, not exactly determined, the ability to appreciate the various 
sensations returned, 

The increasing intensity of pain was striking. It seemed to 
increase with each successive slice, and it was not possible to refrain 
from reflex withdrawal. The work of others suggests that this 
phenomenon is not primarily anatomical. The spreading of the 


sensation from places where intense pain was elicited made it very — 


difficult to be certain of the state of other forms of sensation. 

The preservation of touch in the hair follicles is of interest since it 
seems to have been retained when only a portion of the usual innerva- 
tion of the follicle itself could have been present. After the last 
‘operation it was possible to find touch only in places where it was 
possible to find a hair follicle. 

One cold spot ending disappeared early in the experiment. Stimu- — 
lating this spot with the copper point even after it had been placed in 


ice did not arouse the sensation of cold. As other cold spots within the _ — 


area remained sensitive though subjected to some of the effects of the 
trauma the absence of response from this spot was in all probability due 
to the cutting-off of the ending itself. Such an experiment does not 
help in deciding the way in which an ending may act—whether the 
action is due to change in the threshold value or the production of a 
chemical substance. It does, however, emphasize that the ending is an 
important part of the mechanism, something more perhaps than a mere 
increase of neural surface. 


From the order of the disappearance of the different sensations in - 
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: : ae most superficial part of the epidermis, but disappears 
deeper. At about the same level lies the cold ending. ` 
— into — one 2 means of the hair follicle. 
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ee Fic. 4.—A sketch of the excised portion of skin enlarged 10 times. The sketch shows the — 
E l ark: points and other nerve endings and hair follicles observed plotted in: their relative e 
positions. 


HISTOLOGICAL SECTION. 





We had hoped, despite the lack of success attending- simila 

A investigations hitherto, to be able to determine the anatomy of- ' 
=- sensory point identified at the level of each section. Previous in 

- gations of this kind had broken down mainly owing to the tee 
difficulties of histology. We were also to be disappointed for i i 
preparations made with gold and silver gave us only bits and scraps of S 
nerve-fibres that could not be interpreted. However, the supravital 
staining with methylene blue was much better, and in so far as we co: 
use extensive portions of the skin removed, interpretation, 
difficult, was not impossible. Unfortunately the reactions i 

















in the wena: soon. — this ‘kind of — itapradtisable, — 
is only possible to rely on the earliest sections. 

Of the various sections prepared in different ways and made from 7 
the different slices, that which was stained in methylene blue and came 
from the first slice was the most interesting. This slice was stained by 
immersion in methylene blue. The surface exposed by its removal 
oozed at various points. Thus the section had cut through the papille 
of the dermis in places leaving the deeper layers of the epithelium 
adjacent to these. 

Fig. 4 is a sketch of the piece of skin as it appeared when stained 
with methylene blue. It is drawn to scale and on it are marked the 
places from which the sensations of pain, cold and touch were obtained. 
In addition, there are recorded also hair follicles and nerve fibres and 
endings which were discovered apart from the actual marked spots. 


. PAIN FIBRES. 


In the region of the spot marked as the place where pain of a sharp 
and intense character was elicited there were found in amongst the 
epithelial cells of the epidermis an irregular plexus of fine beaded fibres. 
The fibres were extremely fine and had varicose outlines. The irregular 
outline is due in the main to the fact that the fibres are travelling to 
and fro between the adjacent margins of the epithelial cells. Sometimes 
the ends take the form of fine beads which grow finer and finer until 
they pass beyond the range of visibility. In other places the ends have 
the form of tiny knot-like expansions. As the fibre approaches the 
epithelium it appears to be a little thicker, but gradually as it subdivides 
and gives off branches it becomes thinner. These fibres in the epidermis 
come from a subepithelial plexus which ramifies in a complex manner 
and here and there sends its branches up into the epidermis. The 
method of preparation is not suitable for determining the finer points 
of relationship to the epidermal cells. It cannot be determined for 
instance whether the ultimate ends are actually situated within the 
` cells or outside them. Kadanoff has described two kinds of nerve fibres 
entering the epithelium, a thicker fibre which gives off lateral branches 
and a thinner one which remains unbranched. He is inclined to 
suppose that these differences are of functional significance. Kadanoff 
relied upon silver preparations, but neither this nor any of the other 
methods available are particularly reliable for the determination of such 


points. Methylene blue is no worse and perhaps even better for the ' s 
resolution of such problems as the thickness of axis cylinders and neuro- — 
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fibrils. However, these observations have not demonstrated any 
differences between these intra-epidermal fibres. 

The allocation of pain to these fine varicose fibres wandering amongst 
the epidermal cells is agreeable on many grounds. The observations of 
v. Frey on the cornea are cited in every textbook. There are the 
results of the investigations of Ranson and of Adrian and others that 
pain fibres are amongst the smallest of nerve fibres and have their own 
rate of conduction, change of potential, &c. 





Fic. 5.—Drawing of fine plexus of nerve fibres in the area marked for pain. A few blood 
corpuscles are included and also the opening of a hair follicle. In the bottom right hand 
corner two branching cells (cells of Langerhans) have been drawn. 


The present observations support these contentions in two ways. 
The fibres have the situation and the morphology generally attributed 
to pain fibres. They occur in a situation which when tested prior to 
removal responded with sharp intense pain, i.e., they occur at the place 
so marked. When the cut was made without any anmsthetic the 
advance of the knife was easily borne, a sharp pain being felt only 
when the knife was passing through the spots marked to indicate the 
places where sharp pain could be elicited by the prick of a needle. 

The method we have used has certain drawbacks. The area neces- 
sarily undergoes shrinking in the course of fixation. Further it is a 


flat thin slice and in addition is pressed flat in order to make it easier 
to examine with the higher powers of the microscope. For these 
reasons it is not easy to decide to what level these intra-epidermal fibres 
extend in the epidermis. When, however, we compare these fibres 
with similar ones which we have found in other preparations we are 
of the opinion that they extend through the inner two-thirds of the 
epidermis. , 


Fic. 6.—Another drawing of the same plexus as shown in fig. 5. The ramifications of 
the fine beaded fibres of the pain plexus are shown together with some branching cells and 
the ink marks in dark grey. 


The investigations of Waterston have led him to conclude that the 
fibres most superficial in the skin are touch fibres. The fibres illus- 
trated in his paper seem to be the same as are described here as pain 
fibres. 

It will be noticed in the photomicrographs and drawings that large 
branching stained cells are present. These are constantly found in the 
deepest layers of the epidermis with methylene blue staining. They 
have, of course, been variously designated and interpreted in the course 
of histological study of the skin. They have come down to us as the 
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Fic. 10a. FIG. 





Fic. 10B. Fic. 12. 


Fic. 7.—A photomicrograph of a fine beaded nerve in the deeper layers of the epidermis 
in the region marked for pain. The photograph has been obtained by piecing together several 
pictures taken separately because of the changing level of the nerve. The dark mass below 
is a portion of the ink mark made to identify the place. Enlargement 500 times, 

Fic. 10.— Photomicrographs A and B of the endings and fibres found in the region of the 
spot marked as cold. ‘The black areas represent the marks, The nerves and ends were 
photographed through the overlying epithelium, The photographs have been built up from 
several pictures because of the differences in focus. Enlargement 500 times. 

Fic. 12.—A photomicrograph of the follicle and nerve fibres found in tbe region marked 
as touch. Enlargement 500 times. 


To illustrate paper by H. H. Woollard. 
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plexus is formed of fibres of moderate thickness which branch and sub- 
divide in a diffuse manner. The terminations take the form of expan- 
sions of considerable size, sometimes elongated and sometimes ovoid. 
The ends are non-encapsulated though they lie close enough together to 
give the impression of a well-localized ending. 

Our method of marking our spots was somewhat crude and covered 
a larger area than was desirable or necessary. Nevertheless we have 





Fia, 9,—Another drawing of the endings and nerve fibres in the vicinity of the 
spot marked as cold. The gray splashes indicate the ink marks, 


found in the vicinity of a place marked as definitely responding to 
cold a nerve fibre and ending of special character and special situation. 
Furthermore, we have encountered similar fibres and endings in normal 
preparations and have been able to study them in greater detail. Because 
of the presence of similar ends in other parts of the skin we propose to 
suggest that these are the anatomical basis of the sensation of cold. 
The ending is subepidermal and, unlike a Meissner corpuscle, is not 
elongated into a climbing compressed spiral ending. The clustering 


OBSERVATIONS ON THE TERMINATIONS OF CUTANEOUS NERVES 365 


dises which form the ending are attached on tendrils that give to the 
whole expansion a complex interlacing and diffuse character. 

In 1886 Goldschieder carried out similar experiments to the above 
and under the places marked for cold he too found a distinct subepidermal! 
plexus which is very probably the same sort of thing as we have just 
described. Goldschieder preferred, however, to discuss his findings in 
a more general way and regarded such plexuses as underlying a temper- 
ature sense and having a special relation to blood-vessels. The methods 


Fic. 11.—Drawing of the hair follicle and its innervation found in the vicinity of the 
region marked as touch. 


of impregnation of nerve fibres and endings available to Goldschieder 
were not so good as those now in use. 

Various suggestions have been put forward as regards the anatomy 
of the cold spots. v. Frey has suggested that the genital corpuscles may 
function as such. This may be, but it does not help in the present 
study, for these bodies are not found in the extragenital places of the 
skin. He has also suggested that certain end aborizations described by 
Ruffini may also function as cold receptors. It is not unlikely that the 











aian we hae ‘been “describing are of the. same 
descriptive. anatomy of nerve endings it is difficult to be 
the identification of one description with another. Strughold ando 





> at Kärbe found terminals in the margin of the conjunctiva which are not 
0 oo dissimitar from those described here, and these they identified with cold. 





Belonoschkin marked out the cold spots on the skin of the mammary | 
gland. After this had been removed by the surgeon he studied by 


ertain ¢ bout — z 


modern silver methods the anatomy of the endings in the vicinity of | — 


his ‘marked cold spots and, attributed to cold, an ending which was- , 


~~ non-encapsuled and which was situated about 75 to 2 mm. below theo 





epidermis. This agrees well enough with the present results. 


ToucH Spor, 





In the area which was shown in fig. 4 there was one point marked ` 8 


as a site where touch was elicited by the finest hair test. In the stained 
-section it was discovered there was a hair follicle which previously was 
not seen by use of the lens. On this in the usual palisade manner of 
investment an encirling nerve fibre was discovered. By common consent 
the hairs, especially the fine ones, are refined organs of touch. 

Reference has been made in the text of this paper to the parts played 
by Mr. A. McIndoe and Dr. A. Carmichael. I am grateful to them for 
their. co-operation. I wish to thank my assistant, Miss Stead, who has 
helped me in all parts of this investigation and made the drawings which 
illustrate the results obtained. 


SUMMARY. 
(1) Our investigations furnish additional evidence for the punctate 


í theory of sensation in that successive slices of the epidermis and the 
dermis as far as the subcutaneous fat show at each section spots. from 


which a special sensation can be elicited. After regeneration the spots — 


recur in the same position. 

(2) So long as the ending is present its special receptor quality can 
be elicited. 

(3) A fragment of the ending can still exhibit the special receptor 
quality. 

(4) The special quality may be annulled immediately after section of 
the skin (cold), but if the ending is still present its quality returns after 
a time. 





(5) When the ending is cut away the nerve fibre cannot be aroused "e 


saby the original stimulus, even when this is intensified. 





L 
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(6) Evidence has been furnished as to the existence of special ending 
for cold. The result is in good agreement with the results of other 
observers. 


(7) In general.it may be put forward that pain, cold and touch have 
characteristic position, fibres and ends. e 


BIBLIOGRAPHY. 


ADRIAN, E. D. “The Mechanism of Nervous Action. Electrical Studies of the Neurone,” 
1932. London: Oxford University Press. 

BgLoNnosoŲtEIrs, B. “ Ueber die Kaltreceptoren des Haut,” Zeitschr. f. Biol., 1988; 93, 487. 

Boske, J. “ Nerve Endings, Motor and Sensory.’’ ‘Qytology and Oellular Pathology of 
the Nervous System.’’ Hd. W. Penfield, vol.1, chap. vi, p 241. 

v. Femy, M. “ Die Haut als Sinnesfliche.’?’ Handbuch der Haut- und Geschlechtakrank- 
heiten, 1929, Bd. 1, 91. 

GOLD8OCHEIDER, A. ‘* Histologisohe Untersuchungen tber die Eindigungsweise der Haut- 
sinnesnerven beim Menschen,” Arch, f. Anat. u. Physiol., Physiol Abt., Sup. 1886, 
Bd, 191. " 

Heap, H., and Rivuss, W. H. R. “A Human Experiment in Nerve Divison,” Brain, 
1908, 51, 828. 

Kapanorr, D ‘' Beitrige zur Kenntnis der Nervenendigungen im Epithel des Säugetiere,” 
Zeitschr. f. Anat. u. Eniwicklungsgesch., 73, 481 and 452. * 

STRUGHOLD, H., and Karsu, M. ‘' Vitale Farbung des Auges und experimentelle Unter- 
suchung der gafdrbten Nervenelemente,’’ Zestschr. f. Biol., 1925, 83, 297. 

BTOEB, P. ‘ Das peripherische Nervensystem.” Handbuch der mikrokopisohen Anatomie 
der Menschen, 1928, IV/I, 8. 217, I. Berlin: Springer. 

TROTTER, W., and Davies. “ Experimental Studies in the Innervation of the Skin,” Journ. 
of Physiol., 1909, 38, 184. 

WATERSTON, D. ‘Observations on Sensation. The Sensory Functions of the Skin for 
Touch and Pain,” Journ. of Physiol., 1988, 77, 251. 


368 


CHRONIC PROGRESSIVE (ENDOTOXIC) POLYNEURITIS. 
BY WILFRED HARRIS. 


ACUTE polyneuritis is one of the commonest diseases of the nervous 
system, but a slowly progressive polyneuritis not due to any obvious 
cause such as lead or alcohol, and in which the development of the 
symptoms is spread over many months, or even years, is as rare as the 
acute form is common. 

A recent case which has been under my care, and in which the 
symptoms slowly progressed and continued for five years until death 
from respiratory paralysis, prompts me to review the whole position of 
the chronic forms of polyneuritis. 

In an article on “ Toxic Polyneuritis’’ in 1922 [3] I described two 
cases under the description Slow Chronic Polyneuritis, in both of which 
the symptoms developed progressively for about twelve months. 


Case 1.—A man, aged 81. There was very considerable atrophy of the 
limb muscles with contractures seventeen months after the onset, and 
angosthesia of peripheral type. The upper limbs were not involved until the 
legs were completely paralysed, nine months after the commencement of the 
disease. No source of toxssmia could be discovered. 

Case 2.—A girl, aged 15, whom I saw in August, 1912, when all four limbs 
became completely paralysed. The neck muscles also became gradually 
involved, so that she could not raise the head from the pillow, the eyelids and 
lips were also partially paralysed, and there was weakness of mastication and 
the tongue also wasted partially. In her case there were never any sensory 
symptoms beyond slight paræsthesiæ of the finger tips at the commencement, 
and some tenderness of the calves and forearm. To electrical tests, no faradic 
reactions obtained in any musele of upper or lower limbs. To galvanism, 
feeble reactions were obtained in the thighs and arms, more marked and 
sluggish in the forearms, with full reaction of degeneration. She was put on 
treatment by massage and galvanic reversals of current twice daily, and after 
two months’ treatment the faradic reactions were returning in all the muscles 
of all extremities. Wave faradism was now substituted for the galvanic 
current. In spite of the improving electrical reactions, the muscles continued 
to waste and she became weaker in the neck and in power of sitting up. There 
was now some difficulty in swallowing, and occasional choking, and there was 
obvious atrophy of the tongue, while the weakness of the sphincter muscles 
of the eyes and lips gave the facies rather a myasthenic appearance. None 
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of the muscles, however, gave the myasthenic reaction on tetanizing by pro- 
longed faradization, and she was always better and brighter in the evening than 
after a night’s sleep. After eighteen months from the commencement, she 
began to improve, and gradual recovery became complete after another two 
years. 


I have had under my personal care three other cases of an unusual 
type, which might be classed with these. 


Case 8.—One is a girl now aged 23, who is at present recovering from her 
third attack of polyneuritis in six years. When aged 17, in March, 1929, she 
kept her bed for one day on account of slight pyrexia and headache, Six weeks 
later she noticed weakness of the hands and arms, which ten days later also 
affected the legs. The weakness. became general, increasing in all four limbs 
and in the trunk muscles until June 11, when she began to improve. When 
admitted to the Maida Vale Hospital on June 21, 1929, she could walk only 
with support and could scarcely lift her arms and was unable to feed 
herself. The neck muscles and all the cranial nerves were unaffected, and 
respiration and the sphincters were normal. All the deep reflexes were lost 
and the limbs were hypotonic ; the abdominal reflexes brisk and the plantars 
flexor. There were no sensory symptoms of any kind,’ neither pain, 
paræsthesiæ, tenderness, nor any anesthesia. She improved steadily, leaving ` 
the hospital in September, and she continued to improve until three days after 
Christmas 1929, when her limbs suddenly gave way and she fell, and was 
unable to get up. The weakness increased rapidly and she was readmitted 
to hospital on January 18,1980. There was then complete paralysis of all 
muscles of the arms and legs, though respiration, and the muscles of the head 
and neck and cranial nerves were normal. There was no spontaneous pain 
nor any trace of anssthesia, but there was tenderness of the calves. The deep 
reflexes remained absent, and the muscles reacted only poorly to the faradic 
current. The paralysis remained practically unaltered for months, though she 
had to leave the hospital at the end of April for some weeks owing to an 
attack of varicella. A note taken on December 9, 1930, states that there was 
complete wrist and foot drop, and inability to abduct the arms, and that she 
was unable to extend the knees or to stand. Improvement was extremely slow, 
and on this occasion she was in the hospital for two and a half years until 
June, 1982. Ultimately her recovery was complete and for over two years 
she was perfectly well and able to do everything and to play tennis. In 
November, 1934, she caught a cold in the head, and a week later her left arm 
became weak, then the right arm, and the legs shortly afterwards. She then 
came under the care of Dr. Blake Pritchard, both at the Maida Vale Hospital, 
and in the University Oollege Hospital under Dr. Walshe, and I am much 
indebted to them for permission to use the notes of her condition in this third 
attack. On this occasion pain developed two months later in January, lasting 
for a month, her fingers and wrist feeling “as though being broken.” There 
was never any palo in the legs, though tenderness in the calves and forearms 
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developed, and is still present (June 22, 1985). She is still unable to lift her 
arms and cannot move her ankles or toes. A point of some interest, in view 
of the good effect of prostigmin in myasthenia, is that an injection of this drug 
was of no benefit, and made her feel definitely ill. There is no trace of any 
sensory, loss, and the deep reflexes are all absent. No enlargement of any 
nerves can be felt. 

‘This case might justly be classed as both relapsing and recurrent. Though 
in her first attack the weakness gradually increased for three months, in her 
second attack the onset was acute, almost sudden, and in her third attack, 
after an interval of perfect health for two anda half years, the paralysis again 
developed within a few weeks. The case differs, therefore, in certain details 
from the slow chronic or progressive form of polyneuritis, in which the 
symptoms develop gradually over many months or even years, though it will 
be observed on comparing the accounts of different cases that a symptom 
absent in many, such as pain, may be present in some, as in my first case of a 
man, aged 81 [8], and in the third attack in Case 3. | 

. Case 4.—I published with Newcomb in 1929 [4] a case of relapsing inter- 
stitial hypertrophic neuritis; the man, aged 52, bad six separate attacks of 
paralysis during six years, and a final one commencing a year later and 
progressive to a fatal ending in fifteen months. In his case there was never 
any pain or sensory symptoms, and the paralysis never became universal 
before death, though there was full reaction of degeneration in the leg and 
forearm muscles. He had in previous attacks had slight choking seizures, and 
at the end he was seized with severe choking, rapid pulse and respiration, 
indicating involvement of the bulbar nerves. During life there had been no 
suspicion of any hypertrophy of the nerves, though these were found enormously 
hypertrophied, with demyelination of the motor fibres particularly and great 
proliferation of the sheaths of Schwann and the presence of numerous “ onion 
bulbs ” as in the Dejerine type of case. 


My fifth case was steadily progressive for five years until death from 
increasing respiratory distress and choking. 


Case §.—A man, aged 34. had an accidental fall, cutting the back of his 
head and damaging his right ankle. From that day his right leg has been 
weak and has got gradually weaker ever since, the left leg becoming weak nine 
months later. He was seen in Durham by Dr. Nattrass, of Newcastle, in 
October, 1931, who has kindly lent me his notes o7 the case. There was then 
no pain or numbness, and no symptoms referable to the upper limbs. He had 
a waddling, rolling gait, with double drop foot; the thigh muscles were 
extremely atrophied, especially the right quadriceps, and the muscles below 
the knees were also notably wasted, with the power much diminished. The 
knee and ankle jerks were much diminished, especially on the right side, the 
plantars flexor. There was no trace of any sensory loss, or sphincter weakness, 
and the upper limbs and cranial nerves were quite normal. Though there was 
no family history of any similar affection, the diagnosis at that time appeared 
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to indicate a distal type of muscular dystrophy. His weakness steadily 
progressed, and in April, 1933, he nearly died of bronchopneumonis. He 
afterwards put on fat to the extent of 30 lb. in weight, but for the four months 
before I saw him on January 25, 1935, he had been complaining of increasing 
dyspnwa. He was carried about pick-a-back by his male attendant. 

On examination on January 25, 1985, there was total flaccid paralysis of 
‘all muscles of both lower limbs, trunk and abdomen and intercostals. 
Diaphragm good. The only movements possible in the arms were slight 
‘extension of the index fingers, no power of movement of shoulders. Wasting 
of all intrinsic band muscles of both hands. Complete paralysis of the 
retractors of the head, which falls forward. Flexion of neck good. All cranial 
nerves normal. All deep reflexes, plantars, and’ abdominals absent. No 
sensory changes of any kind; no pain or tenderness. To electrical testing, 
some contraction to faradism in the extensors of the fingers, but complete 
reaction of degeneration, with large sluggish contractions to galvanism in the 
rest of the extensors, biceps and deltoids on both sides. No faradic excitability 
of any lower limb muscles, with weak sluggish contractions to strong galvanic 
shocks of 20 to 25 milliamps. No enlargement of nerves could be felt.” 
Treatment ordered: injections of strychnine twice daily, massage, and galvanic 
treatment to the muscles. On April 5 he was definitely inrproving in muscular 
power, he could then extend the left wrist and both thumbs, and could contract 
the left deltoid. The voice was stronger, and there was better control of the 
neck muscles. Early in May he began to have slight difficulty in swallowing, 
and a tendency to choke. This increased rapidly in the second week of May, 
and he died May 15. No autopsy was permitted. 


This case in many respects bears a close resemblance to that of 
Case 2 in the universal paralysis of limbs and trunk with practically 
complete absence of sensory symptoms. Both developed choking attacks 
late in the course of the illness, but the man’s case was slower in 
development and ended fatally. No source of toxemia was discovered 
in either case, and it seems certain that neither was due to absorption 
of any external poison, but must have been dependent on some form of 
endotoxin. 

Case 5 in some respects resembled Case 4. Physically the two men 
were somewhat similar, and in neither could any enlargement of nerves 
be felt during life. Unfortunately I was unable to examine the nerves 
of Case 5 after death, but I should not have been surprised if they 
showed similar changes to those in Case 4. he clinical courses varied, 
six separate attacks of partial paralysis, with intervening recovery, 
occurring in Case 4 during six years, the last being fatal, with choking 
attacks, much as in Case 5, though there were no intermissions in the 
latter’s illness. The presence or absence of intermissions does not appear 
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to me an essential feature distinguishing the recurrent form from chronic 
progressive polyneuritis. My Case 3 is now recovering from her third 
attack in six years, and such recurrence, in the absence of external 
toxins, would indicate a variation in the activity or development of any 
endotexin rather than any essential difference between the recurrent and 
steadily progressive forms. In my Case 2, a girl aged 15, though her 
illness was slowly progressive for over twelve months, yet she ultimately 
made a perfect recovery, and remained well at the age of 31 except for 
the development of pulmonary tuberculosis, following typhoid fever. 
For the first twelve months of her illness her case resembled in many 
respects that of Case 5, though his was even slower in development, and 
showed only slight signs of improvement before the fatal bulbar 
development. In her case the arms were first affected, while in that of 
the man the legs became severely paralysed and wasted many months 
before the arms became involved. She also, when at the worst stage of 
“her illness, developed some difficulty in swallowing and attacks of 
choking, as in the two fatal cases, Cases 4 and 5. In her case only was 
there any involvement of cranial nerves, definite weakness of some of 
the facial muscles, as well as atrophy of the tongue being observed. 

J. Schlier [8], in an article on “ Recurrent Polyneuritis,” describes 
a case under this diagnosis which is clearly not a polyneuritis but a 
typical example of the relapsing variety of disseminated sclerosis. His 
case was that of a young married woman, aged 29, who developed weak- 
nessand almost complete paralysis, left retrobulbar neuritis with blindness, 
external rectus palsy, left increased knee-jerk and bilateral ankle clonus. 
Temporary improvement was followed by seven recurrent attacks in six 
years. 

In an excellent article on ‘‘ Recurrent’Polyneuritis ” Sorgo [10] gives 
an account of a case with autopsy. He objects to the term recurring 
polyneuritis when the attacks recur at long intervals of complete health, 
and so would not include T'argowla’s [11] case who had three attacks 
when aged 19, 27 and 39. The same argument applies to Thomson’s [13] 
case of two attacks at 5 and 19, whose second attack of paralysis 
followed five days after being immersed in cold water, the paralysis being 
general in all four limbs, with facial diplegia, ten days later. Complete 
recovery occurred within two years, but the rapid onset of the second 
paralysis after a chill lends support to Mary Sherwood’s [9] suggestion 
that the first attack of neuritis leaves the nerves with a lowered power 
of resistance to a fresh toxemia. The same reasoning explains the 
liability in à case of lead poisoning to recurrence of wrist-drop from 
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some slight cause, as a febrile attack or an irregularity in diet. Sorgo’s 
case of'recurreni polyneuritis is the first to be published with account of 
autopsy. His case was a man, aged 58, who after three attacks of 
abdominal pain and constipation developed polyneuritis with recurrences 
after intervals of five and three months, the last being a more severe 
attack, ending in respiratory paralysis and death. The whole illness 
covered twenty-two months. Degenerative neuritis was found in the 
peripheral nerves. 

Both in this case and in that of H. M. Thomas [12], whose patient 
had five attacks of paralysis within six years, indigestion and abdominal 
pain was a feature of the illness before the development of the neuritis, 
and diarrhoea was a prominent symptom in the three fatal cases referred 
to by de Bruyn and Ruby Stern[1]. Compare also the abdominal 
pain and obstinate constipation associated with hematoporphyrinuric 
polyneuritis (see Brain, 1922, 45, pp. 429-432). The coincidence of 
' abdominal trouble, pains, constipation or diarrhoea, preceding the 
development of polyneuritis is strongly ——— of an enterotoxin 
being the cause. 

Hyland and Ritchie Russell [5] describe a fatal « case of chronic 
progressive polyneuritis, and I accept this nomenclature as preferable 
to- slow chronic. They refer only briefly to Sorgo’s case, with no: 
description of its onset or progress, and the bibliographic reference 
is faulty. Their case was steadily progressive for twelve months, and 
died with respiratory failure and choking attacks, which seems to be 
the characteristic ending of the fatal progressive cases. The nerves of 
the upper extremity were larger than normal, and pinkish in colour, 
and microscopic examination showed degeneration of the myelin and 
proliferation of the sheaths ‘of Schwann,in the anterior roots and 
peripheral nerves, with increase of the connective tissue, but no onion 
bulbs. The sensory roots and nerves were much less affected, and the 
spinal cord showed no tract sclerosis, buf some shrinking of anterior 
horn cells. No cause for the illness was suggested, beyond the occurrence 
of a rash on the left side of the head and neck for several weeks about 
the same time as the commencement of the weakness. Hyland and 
Ritchie Russell suggest that their case is of the same type as my 
Cases 1 and 2, which recovered, with which I agree, but I would also 
` include the case which I published with Newcomb [4] in 1929 as 
a case of relapsing interstitial hypertrophic polyneuritis, and also 
de Bruyn and Ruby Stern’s [1] cases, inasmuch as Iam not inclined to 
look on the neural hypertrophy as an essential feature, as some nerve 
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enlargement was present in Hyland and Ritchie’s case just referred to, 
and also in Nattrass’s case [6] in 1921, which would clearly belong to 
this group, although no biopsy or autopsy was available in the latter. 

The fact that enlargement of the nerve trunks, due to proliferation 
of the sheaths of Schwann and the interstitial tissue, has been found 
in certain cases of chronic progressive polyneuritis, such as my Case 4, 
does not appear to me of sufficient importance to justify their separa- 
tion, a8 a distinct group of hypertrophic neuritis, from cases such as my 
Cases 1,2, 3 and 5. No biopsy was done in either of these cases, and 
it is certain that.many nerves may be much enlarged and escape 
observation during life. 

The type described by Dejerine and Sottas [2] is frequently juvenile 
and familial; if is slowly progressive for years, with talipes equino- 
varus, and often kyphoscoliosis, usually severe pains with peripheral 
anesthesia and much wasting, often closely resembling the peroneal 
type of atrophy of Charcot-Marie-Tooth, and always accompanied by 
posterior spinal sclerosis. 

Ritchie Russell and Garland describe seven cases of progressive 
hypertrophic polyneuritis [7] which clearly are of the same type as 
those of Dejerine and Sottas, showing familial tendency, pes cavus 
and kyphoscoliosis, nystagmus, ataxy, and enlurgement of nerve trunks. 
Although slowly progressive for many years there is little fatal tendency - 
in these cases, and probably posterior spinal sclerosis would be found on 
examination, as in all cases of the Dejerine type. 

Many cases of muscular atrophy of the Charcot-Marie- Tooth variety 
have been shown to have sensory changes of the glove and stocking type, 
and posterior spinal sclerosis has also been demonstrated many times. 
Moreover, in the late stages of Friedreich’s hereditary ataxia it is well 
known that anesthesia of peripheral type as well as considerable muscular 
atrophy may occur. Thus the progressive hypertrophic neuritis of 
Dejerine-Sottas, which is essentially familial, and often commencing in 
childhood, shows a definite relationship to the Charcot-Marie-Tooth 
atrophy on the one hand, and on the other to the familial hereditary 
ataxias, and all may be classed amongst the abiotrophies, or diseases of 
congenital mal-development. 

Of the three cases described by de Bruyn and Ruby Stern as 
belonging to the Dejerine-Sottas type, although familial, the only case 
they examined showed during life no nystagmus and no deformities, 
and there was almost complete absence of' posterior spinal sclerosis. 
Their diagnosis rests practically on the presence of hypertrophic 
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neuritis, showing changes similar to those found in- the Dejerine type. 
Yet these three cases all ran their course to a fatal end within three 
years, severe diarrhw@a being a prominent symptom. This history is 
suggestive of some subacute toxemia, perhaps an endotoxin, and I consider 
they should be classed with my five cases as chronic progressive poly- 
‘neuritis. The neural hypertrophy in these and my Case 4 and others, 
should, I consider, be looked on as of -minor importance, and as one of 
the secondary effects of the neurotoxin causing the disense. In some 
of the cases temporary improvement or complete recovery may be 
succeeded by recurrent attacks at varying intervals of.months or years, 
while another, as my Case 2, may recover after two or three years and 
never again suffer, and yet another, as my Case 4, may have numerous 
recurrent attacks and then succumb with bulbar symptoms, and another, 
as my Case 5, may be slowly progressive for five years, with no inter- 
missions, and then perish with bulbar neural paralysis. 

Though varying in detail, the common features of a slowly pro- 
gressive motor paralysis, with wasting and electrical changes, and few 
sensory symptoms are present in all. Recurrent attacks following 
short periods of complete recovery may or may not occur, and neural 
hypertrophy too, may or may not be present. 

I suggest that all these forms of recurrent or progressive poly- 
neuritis, excluding Dejerine’s familial type, whether associated with 
enlargement of the nerves or not, be grouped together as variations 
included: under the description, chronic progressive (endotoxic) 
polyneuritis. 
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VISUAL DISORIENTATION IN HOMONYMOUS 
HALF-FIELDS. 


BY GEORGE RIDDOOH. 
From the Neurological Department, London Hospital. 


DEFECTIVE spatial orientation in the visual fields as a result of 
bilateral cerebral lesions has been described by a number of observers, 
notably by Gordon Holmes [1, 2]. By this term is meant inability 
to localize objects seen in the three planes of space, especially to 
estimate absolute and relative distance. Sometimes stereoscopic vision 
is lost, but this has been exceptional [1, 4, 5]. Certain other disorders 
of function, more or less intimately related to visual disorientation, 
may be found associated with it, but not all in the same case, such as 
visual inattention, “difficulty in bringing an object into central vision 
and in maintaining fixation on it when moved, defective pupillary 
reaction on accommodation, and conjugate convergence of the eyes, 
reduction of the blinking reflex and visual agnosia. 

In the recorded cases of impaired visual orientation the lesions, 
chiefly from war wounds, have, however, been bilateral in the parietal 
lobes, so that the visual field as a whole has been involved; and in 
addition some limitation of the visual field for ordinary test-objects has 
complicated the clinical picture, although Holmes rightly concluded that 
this has no bearing on the problem of the interpretation of the nature 
of the defect. Visual acuity was, as a rule, normal, or nearly so. 

The purpose of this preliminary report is to show that spatial 
disorientation may occur in homonymous half-fields alone, as a result of 
unilateral lesions of the parietal lobe. For the present, I will briefly 
describe two cases only in which the defect was unmistakable. In both 
it was present without any essential impairment of the visual fields or 
acuity. Neither patient was aware of his visual defect. The following 
are abstracts of the notes on these cases :— 


Case 1.—W. T. W., aged 58, retired from business, was brought by his 
doctor on May 11, 1983, as a suspected case of cerebral tumour. For six 
months he had had occasional short attacks of slight giddiness usually when 
driving his car. 

Four weeks ago he fell when climbing a ladder, but had no recollection of 
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what happened until he found himself lying on the ground. There were no 
immediate bad effects of the accident, but three days later he became unusually 
tired and sleepy, and had been so since. It was noticed by others that he 
had difficulty in expressing himself and did not use his right arm as much as 
-before. Since the accident he had had an occasional slight vertex headache, 
not especially in the morning, and had onoe vomited after drinkifg some 
brandy. 

To i inquiries, he admitted that his sight had sometimes been misty, but he 
was unaware of any other visual disturbance. There had been no visual or 
auditory hallucinations. 

On examination, he was cheerful and intelligent, but was rather slow in 
answering questions, and in carrying out tests, partly due apparently to 
difficulty in understanding what was required of him. He could not always 
distinguish between right and left, and when asked to perform the more 
complicated tests in the examination, he was apt to become confused. Without 
going further into details there was some dysphasia, but no visual agnosia. 
There was gross bilateral papilloadema. Visual acuity was ys, partly in his 
right eye and 3% in his left. Visual fields to confrontation tests were full, buf 
were not charted until after the operation three weeks later, when he was alert 
and clear mentally. At that time his visual fields were*full at all angles to 
small test-objects except that his left blind spot was considerably enlarged 
with corresponding depression of the temporal half-field of his left eye in the 
small isopters. 

Localization and estimation of distance were excellent in central vision and 
in his homonymous left half-fields, whilst in his homonymous right half-fields 
he invariably made mistakes. In the horizontal plane he often pointed to the 
right of the test object, but in the vertical plane he was less consistently at 
fault. His estimation of distance was, however, grossly impaired, and he 
usually overshot the mark.. These defects were found by different observers 
on several occasions and were perhaps more in the upper than in the lower 
quadrants. They were greatestdn the peripheral parts of the fields and least 
towards central vision. 

There was no visual inattention and stereoscopic vision was unaffected. 
Pupillary reactions were prompt and sustained and ocular movements were 
normal except that there was occasionally some difficulty in turning his eyes 
to the right and in maintaining fixation on an object in that direction. To 
the left fixation was always good. He found his way about quite easily and 
did not bump into obstacles. He had no difficulty in finding objects with 
his hands or in feeding himself. 

For the rest, there was slight right hemiparesis, with corresponding reflex 
changes. Sensibility to light touch and pin-prick, tactile discrimination, 
vibratory sense and stereognosis were good and equal on the two sides. Tactile 
localization, however, was faulty in the fingers of his right hand and boar 
sensibility,in his right hallux. 

His cardiovascular system was normal for his age. 
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The resting cerebrospinal fluid pressure was over 300 mm., and the fluid 
contained 0°075 per cent. of protein but no other abnormality. 

Stereoscopic radiograms of the skull were negative. 

Exploration was carried out by Mr. Hugh Cairns in two stages because of 
excessive bleeding. At the second operation on June 5 a purplish-red tumour, 
spongioblastoma multiforme, was mostly excised from the posterior part of the 
left parietal lobe. It was about 6 cm. in diameter and reached to within 1 cm. 
of the medial surface of the hemisphere, and below did not quite reach the 
temporal lobe. He made a good recovery from the operation. 

On August 5, two months after the operation, he was examined for the last 
time and the same defect in visual disorientation in his homonymous half-fields 
only was found. He could now turn his eyes and keep them fixed on an object 
as well to the right as'to the left. There were no additional physical signs. 
His general condition at that time was good and he was an excellent witness. 

In November, 1938, five months after the operation, he died, after having 
been comatose for some weeks. 

A post-mortem examination was carried out. Dr. — Russell reported 
that there was considerable bulging of the left parietal lobe at the site of 
operation and the dura was adherent to the brain over part of this area. 

The adjacent part of the superior longitudinel sinus was obliterated by 
growth throughout a length of 7 cm. ° Coronal sections of the brain revealed a 
tumour in the left parietal region up to 8°3 om. from side to side, 5°6 cm. from 
above downwards and about 8 em. from before backwards. Microscopically, 
the tumour extended as far as the upper temporal convolution on the left side. 
It invaded the falx and dura over the site of operation and extended to the right 
of the middle line as a nodule (2°3 cm. diameter) in the mesial aspect of the 
right parietal lobe. The cut surfaces of the tumour showed a central area 
(8-5 om.) of necrosis and numerous hemorrhagic areas up to 1 cm. in diameter. 
Elsewhere it was composed of white granular tissue and was poorly defined. 
There was considerable softening of the left hemisphere. The body of the left 
lateral ventricle was flattened. . 

Microscomc examnation.—The tumour was a spongioblastome multiforme 
invading the superior longitudinal sinus and dura. Numerous areas of 
hssmorrhage and necrosis and organizing thrombosis of many small veins were 
present. : 

Comment.—After death the tumour was found to be extensive and to have 
invaded not only the superior longitudinal sinus and the cortical veins but also 
the right parietal lobe. This, however, was five months after the operation and 
three months after the last clinical examination when, as at several previous 
examinations, the defect in visual orientation was strictly unilateral. The 
tumour also was ẹ malignant glioma. 


Summary of visual defects —There was visual disorientation in right 
homonymous half-fields with preservation of stereoscopic vision and 
visual attention. He wasable quickly to fix his gaze onan object and to 
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maintain it to his left, but before operation less consistently to his right. 
The blinking reflex was not tested. Pupillary reactions and conjugate 
convergence’ were normal. Visual acuity was moderately reduced. The 
sole impairment of the visual field for ordinary test-objects was enlarge- 
ment of the blind spot in the left eye due probably to secondafy optic 
atrophy. ‘The patient was unaware of his visual disorder. 


Case 2.—T. A., aged 34, farmer, was admitted to the London Hospital on 
July 10, 1984, under Mr. Hugh Cairns. 

He had been an exceptionally healthy man until six or seven years ago 
when he began to get sensations of fullness in his héad which were relieved by 
occasional epistaxis. According to his father, he had, for about the same 
length of time, become rather sluggish and sleepy. 

For the past two years, from which time the patient dated his illness, he 
had suffered from severe frontal headaches which recurred almost daily and at 
any time, but worse at night. For a time vomiting, preceded by nausea, 
accompanied the headaches. ° 

About six months after the onset of the headaches he had his first attack 
of unconsciousness which lasted for two hours. He had two subsequent 
attacks, four and six months after the first, but unfortunately none of them had 
been observed. He recollected a short warning after the second attack only, 
but could not describe it, but said that he “ gripped hold of something.” Since 
the last epileptic attack his headaches had been more severe. On being ques- 
tioned about his eyesight he admitted that for about six months before the 
onset of his headaches he had had attacks of dazzling lights in front of his eyes, 
always whitish-yellow in colour, lasting for five to ten minutes and relieved 
by shutting his eyes or stooping. Later these crude visual hallucinations 
tended to accompany the headaches when they were severe. He could not 
say whether they were confined to one side or not. 

On examination he was mentally rather dull and slow. There was slight 
dysphasia, chiefly for reading, but no visual agnosia. There was severe 
bilateral papilleedema, right more than left, with flame-shaped hmmorrhages 
near the discs. Visual acuity was a right and left. He had no difficulty in 
fixing objects and moved his eyes freely. At first there was incomplete right 
homonymous hemianopia with gross defect of localization of objects and 
estimation of distance in his right homonymous half-fields. He usually 
pointed below and beyond the object. In central vision and his left half- 
fields there was no visual disorientation. There was visual inattention in his 
right half-fields and he had some difficulty in finding his way back to the 
ward from the examination room. He could feed himself and accurately grasp 
near objects with his hands. Later, the right homonymous hemianopia 
became complete except for sparing of central vision, but there was at least 
no obvious loss of stereoscopic vision. The pupils and ocular movements 
were normal in every respect including the pupillary reactions on accommoda- 
tion and conjugate convergence of his eyes. 
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On his right side, slight cutaneous anssthesia and analgesia with impair- 
ment of vibratory sense and postural sensibility were found. Voluntary 
power, tone, co-ordination and reflexes were, however, unaffected. 

Stereoscopic radiograms of his skull were negative. 

Operpiton.—On July 17, 1984, Mr. Hugh Cairns explored the left parieto- 
occipital lobes and found an astrocytoma (proved later by histological exam- 
ination), presenting on the outer surface of the parietal lobe. Anteriorly, it 
reached almost to the Rolandic vein and posteriorly to the junction of the 
parietal and occipital lobes, superiorly to the middle line, and inferiorly (sub- 
cortically) to just above the Sylvian fissure. The tumour, which was lobulated 
and measured over 6 cm. in diameter, was in most places easily separated 
from the surrounding brain tissue. Anteriorly it had a triangular prolonga- 
tion extending along a fissure which was either the Sylvian or the one above it. 

He recovered well from the operation. 

On August 11 his visual fields were full except for small test objects. Ho 
no longer had any difficulty in finding his way about. Visual attention was 
good, although a week before it was still impaired in his right half-fields. 
Stereoscopic vision was intact. Butin his right homonymous half-fields there 
was still gross spatial disorientation, especially for absolute distance. Estima- 
tion of relative distance was less faulty. The defect was confined to the 
extracentral parts of the fields and became increasingly great towards the 
periphery and appeared to be greater in the upper than in the lower quadrants. 
In the outer parts of the fields, he almost invariably pointed internal to the 
test-object and beyond it. In central vision and his left homonymous half-fields 
spatial orientation was accurate. 

In his affected half-fields he recognized, without hesitation, the shape of 
a cube, a sphere, a pyramid and a cylinder, when held at from 20 to 30 degrees 
from fixation point. 

Visual fixation, pupillary accommodation and conjugate convergence were 
all excellent and vibratory sense and postural sensibility had recovered. 

On September 21, 1934, two months aftet operation, he was re-examined. 
His health was excellent. Visual acuity was $ right and fs left, and J.1 both 
sides. Visual fields were now full to the smallest test-object. But visual 
disorientation, although less than before, was still present and confined to his 
right homonymous half-fields. 

He lived in Yorkshire and, in consequence, he could not be frequently 
examined. 

We heard that on April 2, 1935, nine months after the operation, he was 
found dead in a ditch, after having been back af full work for some weeks and 
in excellent health. His dostor concluded that the cause of death was an 
apoplectiform seizure, but a post-mortem examination was, unfortunately, not 
carried out. 


Summary of visual defects —There was visual disorientation in his 
right homonymous half-fields without loss of stereoscopic vision. Visual 
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inattention in his right homonymous half-fields was at first present but 
disappeared about a fortnight after excision of the tumour. The patient 
could rapidly fix his eyes on an object and follow it when moved. The 
blinking reflex was not tested. -The pupillary reactions on accommoda- 
tion and conjugate convergence were good. Visual acuity was slightly 
impaired, There was right homonymous hemianopia, at first incomplete 
and later complete, but two months after excision of the tumour the 
visual fields were full to small test-objects. Visual disorientation per- 
sisted but was less than before The patient was unaware of it. 


DISCUSSION. 

Since the disturbance of visual orientation was confined to homo- 
nymous half-fields the number of tests that could be applied to demon- 
strate the defect was limited, all the more when central vision, at least 
in the opposite half-field, was apparently unaffected. Nevertheless, . 
other observers who examined the patients were convinced of its reality. 
It was clear that these patients, as well as others not recorded in this 
paper, were unable to localize objects seen but to one side only, and the 
errors were greatest in regard to distance. As was to be expected, the 
defect progressively increased from the centre towards the periphery of 
the visual field. But the patients, themselves, were unaware until the 
tests were carried out that their vision was affected in this way. They 
could accurately reach with their hands for food or anything near them 
and, in a normal way, avoid obstacles in their path. Stereoscopic vision 
was intact and there was no difficulty in Case II, and, after the operation, 
in Case I, in fixing with their eyes an object, whether it was stationary 
or moving. In addition, accommodation and convergence were intact. 
The preservation of these functions was largely due to retention of 
central vision, at least in the normal half-fields. 

Visual inattention was present in the second case only and disappeared 
soon after the operation although disorientation persisted. This obser- 
vation confirms Holmes’ opinion that it does not form an essential part 
of the syndrome of disordered space perception. 

In short, the two cases which are recorded in this paper show that : 
(1) Visual disorientation in homonymous half-fields can result from 
lesions of the opposite parietal lobe; (2) this defect can be dissociated 
from other more or less closely related disorders of visual function which 
also have been found to follow lesions of roughly the same part of the 
brain; and (3) visual disorientation may be present without limitation 
of the visual fields for ordinary stimuli or serious disturbance of central 
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vision. Thus, the patient may be unaware of his deficiency for, under 
these circumstances, it does not give rise to obvious. disability. “As a 
corollary, to be discovered, it has to be searched for by the observer. 

In regard to the situation of the lesion, the tumour in both cases 
extensively invaded the parietal lobe including the supramarginal and 
angular gyri. The ascending parietal convolution was little affected 
directly by the tumour, and the optic radiations had escaped. For the 
purpose of localization, that is as far as it is reasonable to go for the 
use of tumour material in this respect is notoriously limited. Holmes 
from his cases of bilateral war wounds and from other recorded cases, 
also bilateral, concluded that visual disorientation resulted from lesions 
in the region of the supramarginal and angular gyri. The ideal 
pathological case would be one of circumscribed cerebral softening. 

As to the nature of the disturbance of function, I have nothing to 
add to the views already expressed by Holmes. Visual localization in 
the coronal plane largely depends on local sign of the retinal elements. 
Estimation of absolute and relative distance is, however, a much more 
complex function and is the result of the integration of immediate 
sensations and impressions from the retina, ocular. muscles, labyrinth, 
neck and body with accumulated past experience. In other words, it 
is a function that is acquired by learning. 

Visual disorientation may occur when the association pathways from 
the calcarine visual cortex to other parts of the brain are interrupted 
and, so far as is at present known, the nodal point appears to be in the 
region of the supramarginal and angular gyri in the parietal lobe. 
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CERTAIN ANATOMICAL AND PHYSIOLOGICAL ASPECTS 
OF THE MENINGES AND CEREBROSPINAL FLUID? 


BY LEWIS H. WEED 
_ (Department of Anatomy, Johns Hopkins University). 


THE cerebrospinal fluid is a clear, limpid liquid of slight viscosity 
and low specific gravity, which fills the cerebral ventricles and surrounds 
the entire neural axis. Approximately one-tenth of the intradural 
volume is represented by this fluid in mammals; the usual amount 
occurring in man is therefore between 100 and 150 c.c. Normally of 
a negligible protein-content, almost cell-free, the fluid contains the same 
crystalloids as does the blood, with sodium salts predominating ; its 
average pH value is given as 7°35. | These chemical and physical 
characters of the fluid caused Halliburton [27] to term it “an ideal 
physiological saline solution.” 

Writers in the Hippocratic corpus must have had some knowledge 
of the cerebrospinal fluid, for hydrocephalus was recognized as a distinct 
pathological entity. In his discussions of animal spirits, Galen similarly 
recorded the existence of large quantities of water on the brain: this 
influence of Galenic thought extended uninterruptedly for over a 
thousand years. It was not until the eighteenth century that adequate 
descriptions were given of fluid in the subarachnoid space as well as in 
cerebral ventricles—Cotugno [9] and Haller [26] both should be named 
for their contributions to the subject. Yet our modern conceptions 
must be related to the comprehensive description of this perimedullary 
fluid, given by Magendie [41, 42] slightly over one hundred years ago. 

During this century since Magendie’s publications, information 
regarding the fluid and its pathway has slowly accumulated. We now 
have detailed knowledge regarding the mammalian meninges as fluid- 
containers ; Kappers’ [36] studies in other vertebrate classes have added 
much, but the data are by no means as complete. For the most part 
_ the story of cerebrospinal fluid must therefore be restricted to mammals 
—to man and particularly to the common laboratory animals. It is 


\ This report was delivered at the general session of the Second International Neurological 
Congress, July 80; 1995. - 
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perhaps unfortunate that the subject must be discussed to-day, as in 
many of the most important problems of the fluid general agreement or 
acceptance of a viewpoint has not yet been reached: unanimity of 
opinion may exist only among the workers of a single school. In 
consequence, it behoves investigators in this field to speak circumspectly, 
to consider but few of the concepts as final: we must weigh evidence 
and qualify our conclusions. Many essential problems of the fluid are 
to-day hardly at a stage for even a temporary deduction, even a hesitant 
hypothesis; yet all in all during the past few decades there has been 
advance in knowledge, and it is with certain restricted aspects of this 
advance that this essay will deal. 

The difficulty of divorcing structure from function holds particularly 
true for the embryology of the meningeal spaces through which the 
cerebrospinal fluid circulates. The early investigations by His [84, 85] 
and Kölliker [88] seemed to establish the mesodermal origin of the 
‘three mammalian meninges ; this concept was supported by Salvi’s [ 46] 
morphological findings as well as by Sterzi’s [48, 49] comparative 
investigations. My own histological studies [54], based on extensive 
series of pig and human embryos, led me to unqualified acceptance of 
this general thesis of development of the three membranes from the 
middle germ layer. But this idea of a purely mesodermal origin of the 
meninges, apparently confirmed by Van Gelderen’s [25] studies on the 
fish and by Clermont’s [8] on the mole, has in recent years been 
questioned by Harvey and Burr [28]. Such an attack on the specific 
origin of any tissue, particularly around the head-end of the nervous 
system, seemed inevitable in view of the work of the experimental 
embryologists of the last thirty years, for a mixture of ectodermal and 
mesodermal elements has been shown to occur in many amphibian 
forms. Noting & difference in reaction to injury of the dura and of the 
pia-arachnoid, Harvey and Burr transplanted, in Amblystoma larva, 
portions of the central nervous system, with and without neural crest 
cells. After growing in the host, it was found that the only transplants 
to develop a leptomeningeal space were those which had neural crest 
cells—in other words, the leptomeninges needed an ectodermal con- 
tribution. : 

These deductions of Harvey and Burr were promptly objected to by 
Louis Flexner 15], who performed similar experiments on the same 
amphibian form. This investigator found a meningeal space to develop 
only about those transplants which extruded fluid into the tissues of the 
host—the passage of fluid through the embryonic tissue about the 
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transplant seemed to cause the formation of definitive channels remark- 
ably similar to those of the normal subarachnoid space. This fluid- 
passage rather than the inclusion of neural crest cells was considered by 
Flexner to be the determining factor. Even more recently Harvey, 
Burr, and Van Campenhout [29] have presented additional ewdence; 
they accept certain aspects of Flexner’s work, but re-emphasize the 
blending of mesodermal and neural crest elements. The problem is 
still in the stage where final agreement -does not exist for all vertebrate 
classes, though the stages of differentiation of a mesoderm, or mesecto- 
derm, into three meninges, are fairly well understood for mammals. 

My own studies [54] on this differentiation of the perimedullary 
mesenchyme were made on living pig embryos in which the cerebro- 
spinal. fluid was replaced by an isotonic ‘foreign solution (potassium 
ferrocyanide and iron ammonium citrate). This foreign solution, 
distributed by the normal processes'of the organism and then precipitated 
in situ, gave histological evidence of the initiation of the spread of thé 
fluid from the ventricles in 14 mm. embryos and of the filling of a 
complete subarachnoid space at 26 mm. In the stage of first extra- 
ventricular spread of the fluid (14 mm.) the choroid plexuses, both in 
pig and human embryos, are just beginning to tuft. This coincidence 
of development of plexus and extraventricular expulsion of fluid, as 
well as histological findings, led me to assume that the circulation of 
fluid through the perimedullary mesh was a causative factor in the differ- 
entiation of the subarachnoid space. This general idea of a functional 
differentiation of the perimedullary mesenchyme was accepted ten years 
later by Flexner in his transplantation experiments and. was considered 
a factor by Harvey and Burr. 

The close relationship between the development of choroid plexuses 
and extraventricular spread of cerebrospinal fluid emphasizes again the 
evidence for the intraventricular origin of the fluid. That by far the 
greater portion of the fluid arises in the cerebral ventricles has long been 
known from study of cases of internal hydrocephalus. Even to-day, 
when we have at hand histological, embryological, pathological, pharma- 
cological and experimental evidence supporting the thesis that the 
choroid plexuses are the chief elaborators of the fluid, there are in the 
minds of some workers doubts as to the validity of the hypothesis. 
Thus the occurrence of inclusions within the cells of the choroid plexuses 
[80, 81, 32] has been recently interpreted as supporting the concept 
that these vascular tufts with their cylindrical epithelium are organs 
for the absorption rather than the production of cerebrospinal fluid. 
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But the great mass of data upon which is based the idea of an elabora- 
tion of cerebrospinal fluid by the choroid plexuses cannot be interpreted 
in any other way as satisfactorily. Certainly to-day there is no reason 
to discard this concept in favour of any other. 

If qne accept the hypothesis that the choroid plexuses elaborate by 
far the major portion of the fluid, the problem of the mechanism of its 
production immediately presents itself. Since the earliest histological 
descriptions by Faivre [14] and Luschka [40] of the glandular type of 
epithelium covering the plexuses, repeated controversies have raged as 
to whether the fluid is a true secretion or a filtrate. Until recently not 
many data of permanent significance were advanced, but the last few 
years have witnessed many attempts by chemists and physiologists to 
reach a conclusion in this important question.” The essence of the problem 
is the determination of the rôle played by the membranes separating 
the blood and the cerebrospinal fluid in the distribution of ionic and 
‘molecular species between the two fluids. The problem particularly 
concerns itself with the question whether the cells of the plexus, the 
walls of its capillaries, and the connective tissue of the stroma of the 
plexus perform work in the production of cerebrospinal fluid, or whether 
substances are distributed between blood and cerebrospinal fluid as 
would occur across an inert lifeless membrane. A large group of 
investigators, notably Fremont-Smith and his associates [20, 21, 22,23, 
24], has concluded that the distribution of all diffusible ions between 
the two fluids is in agreement with the predictions of Donnan’s law ; 
cerebrospinal fluid therefore becomes a dialysate or filtration-product 
from the blood. Analyzing the chemical data of the blood and fluid 
from a thermodynamic standpoint, Louis Flexner [16] has shown that 
approximately thirteen calories of energy ‘are required for the formation 
of a litre of cerebrospinal fluid; a free energy change of only 0'9 calories 
is to be explained by capillary pressure. Ultrafiltration, i.e. dialysis 
plus hydrostatic pressure, Flexner judged to be an inadequate explana- 
tion of the elaboration of the fluid. He concluded on the basis of present 
evidence that the fluid is to be considered a secretion, using that term to 
mean that the cells do work in its production. Flexner’s analysis of the 
problem is of utmost significance in the present state of our knowledge 
of the cerebrospinal fluid. 

Accepting then this conclusion that the cerebrospinal fluid is 
secreted by the choroid plexuses (with possibly a small addition from 
the ependymal cells themselves) it becomes necessary to trace the fluid 
in its further course.- Poured into these neural cavities in small amount 
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(12 c.c. per day in a cat according to Flexner and Winters [19]):the 
fluid travels caudalwards to the fourth ventricle and thence passes, 
either by foramina or permeable membranes, into the subarachnoid 
space. The fluid flows rapidly into the basilar cisterns, more slowly 
upwards over the cerebral hemispheres; it moves very tardily down- 
ward about the spinalcord. Everywhere in this passage it is retained 
within membranes covered with flattened mesothelial cells, which as 
Essick [18], Woollard [67], Kubie and Schultz [89] have shown, 
exhibit functional changes in morphology. Within the subarachnoid 
space a small addition to the cerebrospinal fluid probably is derived 
from the perivascular channels, though Schaltenbrand and Bailey [47] 
consider this source of fluid as not demonstrated. 

In the cerebral subarachnoid space the cerebrospinal fluid comes 
into intimate contact with the dural venous sinuses. All of the work 


" of the last fifty years indicates that the major process of absorption is, 


a direct and rapid one into the venous system, and that there is also a 
minor process of relative slowness into the lymphatics. Accepting 
this generalization, there are still differences of opinion as to the exact 
mode of return of the fluid to the venous system. Twenty years ago 
I came to the conclusion [51, 52, 58] that the pathway of absorption 
was through the arachnoid villi—the microscopic norma! precursors of 
Pacchionian granulations which have recently been so thoroughly 
studied by LeGros Clark [7] and by Winkelman and Fay [66]. The 
villi are essentially invaginations of the arachnoid tissues through the 
fibrous walls of dural sinus so that leptomeningeal mesothelium comes 
to lie directly beneath vascular endothelium. This hypothesis of fluid- 
drainage which was based gn histological observations made after 
subarachnoid injection of an isotonic solution of foreign salts in living 
animals and subsequent precipitation of the salts in situ, still seems to 
me the most acceptable of the theories of escape of fluid. Hlman’s 
[12] description of spinal arachnoid villi, projecting into the segmental 
veins, has widened the hypothesis to account for spinal drainage. The 
general idea of passage of fluid through these specialized structures 
has been questioned by Dandy [10] who freed the brain from its 
connection with the sagittal, circular and transverse sinuses, leaving 
the pia-arachnoid supposedly intact. Since no subsequent discomfort 
was apparent in the dogs, Dandy concluded that the villi play no role 
in absorption—a conclusion which takes no account,of spinal villi, of 
the possibility of regeneration or re-establishment of channels, and of 
the fact that an increased pressure of the cerebrospinal fluid may lead 
BRAIN—VOL. LVIII. 26 
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to the same rate of absorption even with smaller absorptive surfaces. 
But while we cannot regard as established any other theory of drainage 
of cerebrospinal fluid, we must realize fully the limitations of any 
method of demonstration of a fluid-pathway which depends upon the 
introdrction of foreign salts for the purpose of outlining a route of 
absorption. - Both ante mortem and post mortem diffusion of. the 
crystalloids has always to be considered : it is now particularly desirable 
that some new method of investigation of this problem be devised. 
When beginning work upon cerebrospinal fluid, I.gave but minor 
consideration to the physical forces involved in the absorption of the 
fluid into the venous system. At that time [52] the mechanism 
seemed to be one of filtration through the arachnoid mesh and meso- 
dermal membrane from a point of higher to a point of lower hydrostatic 
pressure. Since that time I have desired to return to this all-important 
problem, particularly in view of the fact that our knowledge of osmotic 
‘and hydrostatic pressures has advanced greatly within this period. But 
it was impossible to attack experimentally these questions without a 
method for recording small amounts of fluid-absorption. Two- years 
ago Mortensen and I [44] devised a simple pipette-reservoir system 
which permitted measurement of the absorption of small quantities of 
foreign solutions from the subarachnoid space of living animals under 
maintained pressures. With this apparatus set at normal pressure of 
the cerebrospinal fluid, periods of small intake of Locke's solution 
were followed by similar periods of outflow of fluid; at the end of’ an 
hour or so no absorption of the isotonic solution from the external 
system could be observed, even though the cerebrospinal fluid was being 
produced at a normal rate. When, however, the pressure in the external 
system was raised (thus raising the pressure throughout the whole 
subarachnoid space) definite absorption was recorded each minute. We 
were able to confirm the long-established observations that the higher 
the pressure of introduction of an isotonic solution the more rapid was 
its absorption from the subarachnoid space. We used relatively high 
pressures, multiples of the existing cerebrospinal fluid pressure, and 
found that a linear relationship existed only in the low pressure-range 
(up to three or four times normal pressure) ; above this point a marked 
increase in the rate of introduction of the isotonic fluid occurred. 
During the last year, these experiments on etherized dogs have 
been continued, using various kinds of foreign solutions—crystalloids, 
proteins, &c.—for determination of the physical forces concerned in 
absorption of the fluid. With measurement of the intracranial venous 
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pressure in the sagittal sinus, the rate of absorption of Locke’s solution 
was ascertained for various pressures above the normal. Since the 
crystalloids of the cerebrospinal fluid, of the Locke’s solution and of the 
blood are approximately the same qualitatively and quantitatively, the 
only effective pressures causing absorption of the Locke’s solution were 
assumed to be the hydrostatic pressure (subarachnoid pressure minus 
sagittal venous pressure) and the osmotic pressure of the colloids of the 
blood. As the osmotic pressure of the colloids of the blood could be 
taken to be constant during the period of observation, it was possible to 
plot the rate of absorption in c.c. per minute against the total effective 
pressure——hydrostatic pressure plus colloid osmotic pressure of blood. 
Such a plot showed a clear-cut linear relationship, and suggested that 
the assumed effective pressures were those responsible. 

Under identical experimental conditions in the living dog, the rates 
of absorption of Locke’s solution were next compared with solutions of 
various protein-content. Heterologous dog serum and solutions of gelatin 
and casein all showed rates of absorption considerably slower than that 
of Locke’s solution. At the end of the observation samples of blood- 
serum, of the foreign protein-solution, and of the cerebrospinal fluid (as 
withdrawn after the introduction of the foreign protein) were set up in 
celloidin thimbles for determination of colloidal osmotic pressures. The 
hydrostatic pressure was easily calculated by subtracting the intracranial 
venous pressure from the established subarachnoid pressure ; the osmotic 
pressures of the colloids of the two fluids were related to the computation 
by using the difference between the osmotic pressures of the blood 
and the protein-containing cerebrospinal fluid in the case of the protein- 
solution, and by using the colloid osmotic pressure of the blood alone in 
the case of the Locke's solution. Calculating the total effective pressure 
(hydrostatic plus colloid-osmotic) and plotting againsi the rates of 
absorption of the two solutions, a straight-line relationship was again 
found. This linear relationship seems to indicate that the physical 
forces underlying the normal process of absorption of cerebrospinal 
fluid are all to be accounted for in this determination of total effective 
pressure—the hydrostatic pressure-difference between subarachnoid 
space and cerebral venous system plus the colloid osmotic pressure of 
the blood. 

With this demonstration of the effective pressure regulating the 
absorption of the cerebrospinal fluid, the next step was to ascertain the 
rates of absorption of non-protein solutions whose concentration of 
crystalloids differed markedly from those of the blood. Distilled water 
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was first used: to our surprise its rate of absorption did not vary from 
that of Locke’s solution. When plotted against effective pressures 
(disregarding its theoretical lack of crystalloid content), the distilled 
water and the Locke’s solution formed the same straight line. A similar 
result was obtained with twice-normal Locke's solution where the salts 
were added to the solution in double concentration. The most plausible 
explanation for this extraordinary phenomenon is that within the sub- 
arachnoid space the interchange of water and ions was so rapid that the 
foreign solutions were quickly rendered isotonic. 

With this rapid restoration of simple solutions to isotonicity within 
the subarachnoid space, an attempt was made to ascertain if the same 
phenomenon would hold for crystalloids of far larger molecular size. 
Following the important observations of Bullock, Gregersen and 
Kinney [5], upon' the slow conveyance of sucrose across membranes, a 
5 per cent. solution of this sugar in Locke’s solution was introduced into 
fhe subarachnoid space. The rate of absorption of this solution was 
found to be much slower than that of Locke's solution: when plotted 
against total effective pressure its rates of absorption formed a straight- 
line relationship, but at a far lower level than with the Locke’s solution. 
Here the large molecule of sugar apparently exercised an osmotic pull 
against the colloid osmotic pressure of the blood, decreasing the effective 
pressure over the short period of the experiment (thirty minutes). This 
particular phase of the research is only just under way and far more 
work is required before any broad generalizations can be attempted. 

With these data on the subarachnoid absorption of non-protein and 
protein-containing solutions at hand, it now becomes possible to speak 
with some exactness of the physical forces having to do with the normal 
absorption of the cerebrospinal fluid in four-footed mammals in which 
the central nervous system is so largely held in a horizontal position 
with only the head at a different level. The total effective force which 
determines absorption is apparently compounded normally of the hydro- 
static pressure (subarachnoid pressure minus cerebral venous pressure) 
and of the colloid osmotic pressure of the blood. In the four-footed 
mammal the hydrostatic element is of relatively small moment as the 
pressure of the cerebrospinal fluid customarily exceeds the sagittal 
venous pressure by only 15 to 35 mm. saline, and occasionally the 
former is less than the latter. The major effective force, therefore, 
becomes the osmotic pressure of the colloids of the blood, for the cere- 
brospinal fluid is almost totally lacking in proteins. This osmotic pull 
of the blood colloids lies in the neighbourhood of 250 and 300 mm. 
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saline. This force seems sufficient to insure the constant absorption of 
cerebrospinal fluid at the same rate at which it is produced. But the 
question immediately arises as to whether alterations in the general 
posture of the mammal will affect this mechanism of absorption. 

This question cannot yet be answered in its entirety, buf it has 
importance not only in regard to the physiology of the four-footed 
mammal, but also in regard to the assumption of erect posture by man, 
in whom we are, of course, primarily interested. In its basic form, the 
change in posture can have effect in the absorption of cerebrospinal fluid 
only if the positional changes in its pressure are such as radically to 
change the magnitude of the hydrostatic pressures which are effective 
in causing the passage of the fluid back into the blood-stream, it being 
assumed that the colloid osmotic pressure of:the blood would remain 
constant during such a positional change. The problem, then, is one of 
information regarding the changes in pressure of the cerebrospinal fluid 
on alteration of position from the horizontal to the two vertical positions, 
and is intimately connected with the protection of the central nervous 
system against atmospheric pressure. i 

It should be a source of great pride to all British anatomists that 
Alexander Monro [48], the second, should have promulgated a doctrine 
of basic importance to intracranial physiology. In 1788 this Scotch 
anatomist ventured the hypothesis that the quantity of blood circulating 
within the cranium must at all times be constant, ‘‘ as the substance of 
the brain, like that of the other solids of our body, is nearly incompres- 
sible ” and as the brain ‘‘is enclosed in a case of bone.” Having no 
knowledge of the cerebrospinal fluid, in spite of the publications of 
Haller and Cotugno some years before, Monro assumed a constant 
intracranial volume in which alterations in arterial volume must be 
compensated for by reciprocal changes in the venous volume. The 
original hypothesis, receiving apparent verification in the observations 
of George Kellie [37], has become quite properly known as the Monro- 
Kellie doctrine. Modified by Burrows [6], who, in 1846, introduced 
the cerebrospinal fluid into the concept, the doctrine has come down 
through a century and a half without great change in its essentials : 
the entire physiology of the intracranial fluids has to be discussed in 
terms of the limitations imposed by the “f closed box ” character of the 
bony containers—skull and vertebral column. : 

During the last forty years great interest in the doctrine has been 
apparent. Leonard Hill [33], in his important study of intracranial 
hydrodynamics, considered the hypothesis essentially sound; Dixon and 
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Halliburton [11] tended to regard it as not affecting in any major way 
the pressure-relationships within the cranium. My own interest in.the 
doctrine came through experiments with McKibben 64, 65] and with 
Hughson [61, 62, 63] in which marked alterations in the pressure of 
the cerebrospinal fluid were obtained by the intravenous injection of 
solutions whose salt-content varied markedly from that of the blood. 
With the introduction of large amounts of strongly hypertonic solu- 
tions (80 per cent. NaCl) into the blood-stream, negative pressures 
(i.e. below atmospheric) were frequently observed within the cerebro- 
spinal fluid. Such negative pressures could exist only if the bony 
containers of the nervous system functioned as a closed box, so that 
‘atmospheric pressure could not directly affect the tissues and fluids 
within the container. It was realized then that this demonstration of 
the rigid box character of the skull and vertebral column was achieved 
by drastic means and gave no information regarding the smaller elements 
of elasticity within the system. Subsequent investigation has given 
more detailed knowledge of the limitations of the doctrine which may 
still be considered tô be essentially sound. 

Six or seven years ago, experiments dealing with the pressure-changes 
about the central nervous system on abrupt tilting of an animal from 
the horizontal to the two vertical positions were undertaken. In the 
first of these observations [55] it was learned that in dogs with a spinal 
length of approximately 400 mm. the pressure-changes in the cerebro- 
spinal fluid on tilting were only one-third to one-fourth of the length 
of the hydrostatic column of the fluid. The fact that the whole 
hydrostatic column of cerebrospinal fiuid is not effective in the vertical 
positions of the four-footed mammal indicates [58] that the bony 
coverings of the central nervous system do protect this structure from 
atmospheric pressure and thus function like a closed box. If this pro- 
tection were perfect no measurable pressure-changes in the cerebro- 
spinal fluid on tilting would occur. The occurrence, however, of these 
measurable pressure-changes leads to the idea that there are within these 
bony coverings elements of elasticity which allow a certain dislocation 
of fluid to occur on positional change. Such pressure-changes can be 
measured in an external system which permits no external dislocation 
of fluid: the dislocation of cerebrospinal fluid therefore occurs within 
the dural sac whenever positional change of the mammal is effected. 

This dislocation of the fluid on tilting from the horizontal to the vertical 
positions has led to the determination of the coefficient of elasticity of 
the system [17, 18, 59, 60]. By the use of manometers of different 
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bores, pressure-changes and volume-changes in the fluid on tilting were 
obtained, for as the caliber of the manometer was increased the pressure- 
change became less and the volume-change greater (until the limit of 
fluid-dislocation was reached). The elasticity of the system was then 
determined in exact terms by substituting in the standard physical 
formula where the elasticity is considered to be the stress divided by 


the strain—i.e. E = dP/ = Using this formula, as had been done in 


a somewhat different way by Ayala [1, 2], it was found that the elas- 
ticity of the intradural contents was of approximately the same 
magnitude in the four mammals tested—dog, cat, macaque and chim- 
panzee; the elasticity showed definite differences in the age-groups of 
these laboratory animals. The coefficient of elasticity was of the same 
magnitude when determined from the pressure-changes and volume- 
changes on head-down and tail-down tiltings. From this identity of 
the elastic components it seemed fair to conclude that in the assumption 
of the erect posture by certain mammals no special mechanism df 
adjustment for the hydrostatic column of cerebrospinal fluid had been 
developed [56, 57]. ° 

With such elasticities existing within the cranium and vertebral 
column, permitting a dislocation of fluid from the uppermost to the 
lowermost portions of the nervous system in the vertical position of the 
mammal, it becomes interesting to speculate as to the anatomical and 
physiological elements which give rise to this elasticity. First of all, 
it is apparent that the vascular bed—particularly the great venous bed— 
contributes an essentially large element of elasticity, for changes in 
the volume of the cerebrospinal fluid are rapidly compensated for by 
reciprocal change in the venous volume. Likewise there is an element 
of elasticity in the epidural space of the spinal region: the spinal dura, 
fairly rigid against expansion outward, can collapse inwardly due to 
stretch of the epidural trabecule and dilatation of the thin-walled 
epidural veins. And perhaps there is a factor of elasticity in 
the occipito-atlantoid ligament and in the various intervertebral 
structures. 

Now that we have some conception of the elastic elements about 
the nervous system it is possible to reach certain general ideas regarding 
the process of absorption of cerebrospinal fluid in the erect posture. 
In the four-footed mammal the cranium has been demonstrated to be 
the chief site of fluid-escape; in a dog of 400 mm. spinal length, 
tilting to a vertical, tail-down position (erect posture in man) causes a 
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fall in occipital cerebrospinal fluid pressure of slightly over 70 mm. 
saline while the sagittal venous pressure drops by 80 mm. Such 
decreases in pressure would result in an intracranial pressure of plus 
50 mm. for the cerebrospinal fluid and of plus 80 mm. for the sagittal 
sinus. Under these circumstances—the figures set down are approxima- 
tions—#bsorption of cerebrospinal fluid would still proceed from the 
cranial membranes as à hydrostatic element (though small) would still 
be present, and the colloid osmotic pressure would be the same as in 
the horizontal position. Under these circumstances also, there might 
possibly be an increased absorption through spinal mechanisms though 
the rise in systemic venous pressure in the lower part of the animal’s 
body might overcome any increase in the hydrostatic element. 

Can this process of reasoning now be applied to the conditions in 
erect man? The many important observations (particularly by 
Zylberlast-Zand [68], Pfaundler [45], Ayer [3], and Barré and Schrapf 
[4], on differences in lumbar pressure of the cerebrospinal fluid in man 
in the prone and erect position indicate that a comparable dislocation of 
fluid occurs in man gs in the four-footed mammal on positional change. 
Ayer’s finding of a small negative pressure on cistern puncture in man 
in the sitting position and Walter’s [50] stimulating deduction that in 
erect man the point of atmospheric pressure is in the mid-thoracic 
region, allow one to hypothesize that in this position man has a 
negative pressure of not less than minus 400 mm. saline at the cal- 
varium. If, under such circumstances the pressure in man’s sagittal 
sinus be still positive (and on this score we have no information), the 
hydrostatic element (subarachnoid pressure minus sagittal pressure) 
would be negative by 350 to 400 mm. This negative pressure would 
be sufficient to overcome the osmotic pressure of the colloids of the 
blood and no absorption of cerebrospinal fluid could take place in the 
sagittal sinus. In the more dependent parts ,of the nervous system 
absorption could still proceed. But this is speculation and rests 
too largely on supposition of pressures rather than upon actual 
determinations. 


These then are a few of the problems, a few of the aspects, of the 
cerebrospinal fluid which have interested workers during the last few 
decades. The tale related is woefully incomplete, but the limitations 
of time prohibit the presentation of an entire viewpoint. More 
information is needed at almost every corner in these considerations 
of the fluid ; research alone can supply this needed information but it 
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must go forward with due appreciation both of morphology and of 
function. That this research will be done there can be no doubt, for 
this clear, limpid fluid about the nervous system has interested many 
in the past and it will continue to do so in the future. 
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TRAUMATIC LESIONS OF THE OPTIC CHIASMA 
BY H. M. TRAQUAIR, NORMAN M. DOTT, AND W. RITCHIE RUSSELL. 


DAMAGE to the optic chiasma, as evidenced by the occurrence of 
temporal defects in both visual fields, is an uncommon complication 
of head injury. Cantonnet and Coutela [4] in 1906 collected eight 
cases, and Bollack [3] in 1920 analysed seventeen cases. We have 
collected records of twenty-seven, and add three further cases which 
we have recently had the opportunity of studying. 

The original records of some of the cases which have been described 
‘as injuries of the chiasma appear to be too indefinite to justify inclusion 
in the series. They are the cases descriped by Granger [12], by 
Griffith [13], by Morlan [25], Nieden’s second case [26] Coppez second 
and third case [5] and the cases described by Dejean and Bonnahon [7]. 
The reason for omitting these cases is, either that the connection 
between the injury and the visual defect is uncertain, or else that the 
visual defects described could have been readily produced by lesions of 
other parts of the visual pathway without chiasmal involvement. A 
difficulty arises with regard to those cases in which there is complete 
blindness in one eye and temporal hemianopia in the other. This may 
be produced by damage to the optic nerve and optic tract of the same 
side. It may also follow bilateral damage to the optic nerve, as temporal 
hemianopia may occasionally be produced in this way [338]. As it seems, 
however, to be more probable that the damage in these cases is to the 
optic chiasma and to one optic nerve, they are included in this study. 

The main features of the published cases are recorded in Table I. 
We have been unable to obtain the original descriptions of the cases 
described by Lambert [21], Dumont [9] and Hoffman [15] (Cases 4, 9 
and 13). These are, however, mentioned briefly in a table in Bollack’s 
paper, and the particulars given there are included in Table I. 

The following are the three cases we have had the opportunity of 
studying :-— 


Case 28. Personal case A. A blacksmith, aged 24 years, was admitted 
to hospital in a semi-comatose condition on December 23, 1988. Shortly 
before admission he had fallen from a roof on to a concrete pavement, a 
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distance of about 20 ft. We areindebted to Mr. J. W. Struthers for permission 
to study this case. On admission there was bleeding from the nose, but none 
from the ears. There was a depressed fracture of the right frontal bone 
which involved the inner part of the right supra-orbital ridge. X-ray 
examination showed a large , V-shaped fracture of the right frontal region, 
but there was no visible evidence of the fracture spreading to the base’ of the 
skull. i 
The patient remained in a state of restless stupor for the following week. 
There was then a sudden rise of temperature, and the cerebrospinal fluid was 
found to be turbid, though there were no organisms present. After a further 
period of a week, the temperature returned to normal, and gradual recovery of 
consciousness occurred about four weeks after the accident. 
When examined on January 9, 1934, the line of the fracture was easily felt 
above the right eye, and there was subconjunctival hemorrhage on the outer 
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Fia. 1.— Visual flelds of Oase 28, personal case A. 


aspect of this eye. Headache was severe and the patient was still stuporose. 
The pupils were each 5mm. in diameter and reacted sluggishly to light. 
There was slight drooping of the right eyelid and limitation of the upward 
movement of this eye. Ocular movements were otherwise normal, 

On January 31, 1934, full consciousness had returned. The sense of smell 
was impaired on the right side. With each eye the patient was able to read 
large print with difficulty. The appearance of the optic discs was normal. 
There was complete bitemporal hemianopia to rough tests. The palpebral 
aperture was smaller on the right side than on the left. The pupils were very 
large, 9 mm. in diameter, but equal. They reacted briskly toa spot of light 
thrown on the temporal half of each retina, but showed no reaction when light 
was thrown on the inner half of each retina. Ocular movements appeared to 
be full in all directions, but diplopia was present in whatever direction the 
eyes were turned. This diplopia remained a crossed diplopia in whatever 
direction the eyes were looking. Both images were vertical, but the image 
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on the right was slightly lower than that on the left. Apart froma slight 
degree of deafness of the ‘right ear, there was no further abnormality- 
detected on full examination. 

On February 25, 1934, the visual acuity was ght (with — 1'0) : 3%, and 
left (with — 1'5): <%. Both optic dises showed marked pallor. The visual 
fields (fig. 1) showed sharp bitemporal hemianopia with intersection of the point 
of fixation on both sides. The smallest object elicited a slight defect in the lower 
nasal field of the right eye. Orossed horizontal diplopia was still present in 
whatever direction the eyes were furned, and if the patient was instructed to 
look intently at an object, a slight divergent strabismus became apparent. 


Case 29.—Personal case B. A miner, aged 27, was thrown from his motor 
eycle on June 4, 19382, and was at once rendered unconscions. He was admitted 
to Mr. J. M. Graham’s ward in Edinburgh Royal Infirmary, and we are indebted 
to Mr. Grabam for permission to study the case. The accident caused gross 
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Fig. 2.—Visual feld of Case 29, personal case B. 


effusion into the eyelids and bruising of the left frontal region. There was 
bleeding from the nose, but none from the ears. X-ray examination of the 
skull showed no evidence of fracture. There was a fracture of the left femur 
and left arm. The patient recovered full consciousness two weeks after the 
accident. Examination then revealed complete blindness of the left eye, and 
ferhporal hemianopia of the right visual field. The pupils were equal, but 7 mm. 
in diameter. There was complete paralysis of the outward movement of the 
left eye. Wernicke’s hemianopic pupillary reaction was clearly present when 
tested on the right eye. There was no direct light reaction of the left pupil. 
Full examination showed no further abnormality. The patient returned to 
full work underground in January, 1988, by which time the 6th nerve paralysis 
had completely recovered. There were no post-concussional symptoms. 

The visual acuity two months after the accident was $ in the right eye 
and this was unchanged in March, 1934. The left eye remained quite blind. 
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The visual field was charted in August, 1932, and in March, 1934, with a 
similar result (fig. 2). The hemianopic nature of the field defect is brought 
out by the graded perimetric chart. Wernicke’s hemianopic reaction was still 
clearly present in March, 1934. 


Case 80.—Personal Case C. A married woman, aged 40, was examined by 
one of us on March 1, 1934. She said that she was involved in a motor car 
collision on November 4, 1932. She was thrown forwards and struck her head 
violently against the steering wheel. She was rendered unconscious immedi- 
ately, and sustained three deep vertical wounds in the centre of the forehead 
and above the left eyebrow. ‘There was no bleeding from the nose or ears. 
The exact duration of unconsciousness is not known, but on the fourth day 
she could speak rationally and could see. The only obvious symptom at this 
time was severe headache. A few days later, as soon as she was able to take 
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Fic. 8.—Visual fields of Case 30, personal case O. 


sufficient notice, she complained that her vision was impaired, and that she 
could neither taste nor smell. Loss of memory extends from fifteen minutes 
before the accident to several weeks after it. Headaches ceased a few weeks 
after the accident, and she left hospital. Sense of smell and taste never 
returned, and her visual difficulty continued. She was conscious of the 
temporal restriction of her visual fields and she experienced difficulty in 
estimating the speed and distance of an approaching object, as in judging the 
distance of the green at golf, and in estimating the position of a cup when 
pouring tea. Within a few weeks of the accident she began to put on weight 
rapidly. She had been about 9 st. for many years, and, during the seventeen 
months since the accident, had increased to 11 st. 10 lb. Since recovering 
from the immediate effects of the accident the patient’s temperament has been 
altered. Formerly a vigorous and active personality, she now lacks initiative 
and interest, and is subject to periods of depression. There has been no 


polyuria since the accident, and menstruation has remained regular. 
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The patient! was of average height and build, and was moderately obese. 
The scars in the forehead were well healed and there was no underlying irregu- 
larity of the bone. X-ray examination was not made. There were no evident 
mental or intellectual abnormalities. There was complete bilateral anosmia, 
There was slight pallor of the right optic disc, but the left disc had a normal 
appearénce. Visual acuity was, right: p, left: $ There was complete, 
clean-cut, bitemporal hemianopia, with bisection of the macula on the left, 
and with a small seotomatous encroachment on the macula on the right side. 
There was a slight relative depression of the lower nasal quadrant in both 
fields (fig. 3). The Wernicke pupillary reaction was not tested. The remaining 
cranial nerves showed no dysfunction and no other abnormalities were 
discovered. 


DIBSCOSSION. 


In view of the great increase in the number of head injuries caused 
by road accidents, it is surprising that more cases of chiasmal damage 
-have not been reported. One of us (W. R. R.) has personally examined 
over 450 cases of Head injury admitted to Edinburgh Royal Infirmary, 
and Cases Nos. 28-4nd 29 are from this series. As others have pointed 
out, chiasmal damage may escape diagnosis, especially when the visual 
acuity is little impaired, and when the field defect is slight or transient 
as in Cases 21 and 24. 

The main features of the published cases are indicated in Table I. 
In twenty-one of the thirty cases the main injury was to the frontal 
region, in four cases the injury was to the temporal or parietal region, 
and in the remainder the site of injury was not recorded. The cases 
described by Griffith and Redslob have been quoted as examples of 
chiasmal injury folowing occipital injury. Griffith’s case is, however, 
too indefinite to'be included in the series,‘and in Redslob’s case (No. 10) 
there was a depressed frontal fracture in addition to the occipital injury. 

A fall from a height was the commonest cause of the injury (eleven 
cases). Motor car and motor cycle accidents contributed five of the more 
recent cases. In accidents such as these the head travelling with great 
momentum becomes arrested suddenly by a hard surface; such a 
mechanism produces, not infrequently, the most severe type of head 
injury. 

X-ray examination of the skull was carried out in six cases. None 
of these showed gross fracture involving the sphenoid, nor did they show 
displaced fragments of bone in this situation. 

Paralysis of one sixth nerve occurred in seven cases, and partial or 
complete paralysis of one third nerve was reported in seven cases. In 
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a adiposity without there being any other symptoms of hypothalamic — a 
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affected on opposite sides. 
Loss of the sense of smell was reported in five cases. -e 
Impairment of the sense of hearing was present on- one ‘side i 
six cases, and in each of these bleeding from the affected ear had : 
occurred. 
Facial paralysis occurred in one case. — 
Polyuria followed the injury in seven cases. In two of the hee 


Cases 1 and 8, the polyuria passed off within a few months of the ; 














Behr’s case (No. 21) and our case (No. 30) developed progressive — 


disturbance. | 
Wernicke’s hemianopic pupillary reaction was reported to be 
positive in nine cases, negative in three, and doubtful in three. Difi- 
culty in testing the reaction may be the cause of this uncertainty. We 
have found the following method of testing the reaction to be simple 
and effective. The light of an electric ophthalmoscope is focussed in 
such a way that on examining the fundus, with the instrument held at 
a distance of say three inches from the eye, a point of light is seen to focus 
on the retina. Wernicke’s reaction can then be tested at any part of 
the retina by holding the ophthalmoscope at this distance of three 
inches from the eye in the corresponding part of the visual field. A slight 
rotation of the instrument is made to direct the focussed light into the 


obviously essential that the light should focus to a point not on the 
cornea, but on the retina. | 

Impairment of visual acuity in one or both eyes was usually present. 
There was complete blindness of one eye in seven cases. In four aooo 
these the visual acuity of the other eye was normal. In the remaining : 
23 cases some vision was present in both eyes. In four, the visual - 
acuity was normal in both eyes. In three, there was normal acuity in 
one eye, while in 14 cases vision was reduced in both eyes. In two _ 
cases the visual acuity was not reported. 

The line of the hemianopia bisected the fixation point in eight cases. 
In sixteen cases there was sparing of the field at the fixation point for 
a few degrees in the temporal field. 

Vision deteriorated gradually in Cases 5 and 12. In Case 16, visic 
improved in one eye and deteriorated in the other. In the ren 
cases, Where progress was reported, vision either remained unalte l 
perl slightly. - 
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The crossed diplopia which occurred in our first case (No. 28) 
and in Case 5 is similar to that described by Kubie and Beckmann in 
cases of bitemporal field defect [20]. 


. PATHOLOGY. 
The mechanism by which these chiasmal injuries are produced 
remains uncertain. Liebrecht [23] considered that a gross division of 





Fic, 4.—-Softening of the left half of the optic chiasma. 





Fic. 5.—Edge of the area of softening in the optic chiasma, 


the chiasma occurred, and described a fatal case in which a tear of the 
chiasma was found. Koerber [19] also found a tear of the chiasma 
in a case that died immediately as a result of a very severe injury. In 
both these cases, however, the injuries were very gross, and are of 
little value in elucidating the mechanism in patients who survive the 
injury. 
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Liebrecht’s later case (No. 16) is of importance because death 
occurred three years after the injury, and an incomplete post-mortem 
was carried out. The optic nerves and chiasma were found to be 
atrophic, and an old crack was found in the left orbital plate which 
continued backwards to the right side of the sphenoid and also to the 
left optic foramen. j 

In the type of case we are considering the visual disturbances were 
caused at the time of the injury, and it is therefore necessary to con- 
sider the mechanism by which chiasmal conduction can be suddenly 
interrupted by violence. 

Division of the chiasma by a piece of displaced bone can with con- 
fidence be excluded as a cause. The chiasma lies at least one centimetre 





Fic. 6.—Obliterated vessels in the optic nerve sheath, 


above and behind the optic groove, and in no case has there been 
evidence of gross bony displacement in this situation. Sudden stretch- 
ing of the chiasma by forcible separation of the optic foramina has been 
suggested as a cause by Coppez [5]. An extensive antero-posterior 
fracture in the centre of the base of the skull would, however, be 
necessary for any movement of this nature to occur. There is no evidence 
that a fracture of this type occurs in these cases, and this idea would 
not explain those cases which result from violence directed to the 
lateral aspect of the skull. 

There is therefore little evidence to support the view that a direct 
tear of the chiasma occurs, and the only obvious alternative explanation 
is that the injury interrupts the vascular supply to the chiasma and so 
impairs its conductivity. 








origin are —— fixed to the base of the — and any — of 
the brain and chiasma relative to the skull may result in the tearing of 
these small vessels. The probable importance of the movement of the 
' brain rélative to the skull in the production of certain brain injuries has 
been emphasized by one of us [30]. The occurrence of vascular injury 
seems, therefore, to provide a probable explanation of the mechanism 
by which the conductivity of the chiasma is injured in these cases. One 
of us (H. M. T.) has previously come to a somewhat similar conclusion 
with regard to the mechanism by which the optic nerve is injured in 
head injuries. The tearing of pial vessels which supply the hypothalamus 
and tuber cinereum will readily explain the occasional occurrence of 
polyuria and adiposity in these cases [2]. 

The important part which vascular damage may play in the produc- 
tion of chiasmal softening is suggested by the following case. One of us 
(N.M. D) removed a small suprasellar meningioma on September 10,1938, 
from a woman aged 63. The patient was also afflicted with a marked 
degree of generalized arteriosclerosis, the retinal vessels being conspicu- 
ously thickened and the systolic blood-pressure being 180 mm. Before 
operation there was incomplete bitemporal hemianopia and vision was 
only moderately impaired. The operation was carried out without 
difficulty, and only very slight manipulation of the optic chiasma was 
necessary. After recovery from the operation, however, the patient 
was found to have lost all vision in both eyes. An accidental fall about 
a month after the operation caused death. At post-mortem examination 
there was no definite naked-eye abnormality of the visual paths, but 
microscopic examination showed extensive softening of the chiasma and 
optic nerves. There was also gross thickening and degeneration of the 
arteries supplying the chiasma and optic nerves (figs. 4, 5, and 6). It 
seems probable in this case that slight operative trauma caused throm- 


. bosis of the diseased arteries supplying the chiasma and optic nerves. 
<o We suggest that in traumatic cases tearing of the chiasmal vessels can 





produce a similar interruption of function and softening of the chiasma. 

It is interesting to compare the visual field changes which occur in 
traumatic cases with those which occur when the chiasma is pressed 
upon by a tumour from below. In the latter case the field changes 
tend to occur in a regular sequence; the upper outer quadrants fail 
first, the lower outer quadrants next, the lower nasal quadrants third in 
order and the upper nasal quadrants last. The failure of the fields tends, 
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therefore, to occur in a clockwise direction in the right field, and ina 
counter-clockwise direction in the left field. The perimetric charts of 
our three traumatic cases show that there is a tendency for the fields 
to be involved in similar way to the above. This is shown by the 
defects of the lower nasal fields in figs. 1 and 3; and also in the preserva- 
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Fra. 8.-—Visual fields of Oase 18, Liebrecht’s case O. 


tion of the lower temporal field in fig. 2. Another feature of the fields 
which may be seen in tumour cases is the persistence of an island of 
vision in the temporal field which is usually situated on or slightly below 
the horizontal meridian. This may be the last part-of the temporal 
field to disappear in cases of tumour pressing on the chiasma. In 
Case 16 of the present series which was reported by Liebrecht, a 
temporal island of this type was present in both fields (fig. 7). In 
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Case 18 there were unusual field changes (fig. 8), of a type which have 
been described in cases of pituitary tumour [14]. 

There is, therefore, much resemblance between the field changes 
which occur in injury and in tumour cases. This suggests that the 
mechanism of chiasmal injury in tumour and traumatic cases is similar. 
If the possible mechanisms by which the chiasma may be damaged in 
traumatic and tumour cases are considered, the obvious factor common 
to both is that, in each type of case, the vascular supply of the chiasma 
is Impaired. In the traumatic cases this is probably effected by violent 
rupture of some of the vessels, followed by surrounding local thrombosis 
and softening. In tumour cases a similar result is brought about by 
more gradual stretching and final obliteration of the same vessels. It 
seems therefore probable that in both tumour and traumatic cases, the 
interruption of conduction in the chiasma is dependent mainly on a 
gradual or abrupt impairment of its blood supply. 


SUMMARY. 


The published* cases of chiasmal injury have been abstracted, and 
three further cases have been described. 

The clinical features of the cases, and the associated cerebral 
disturbances which may occur, have been considered. 

The visual field changes have been compared with those which 
occur in cases of tumour pressing on the chiasma. 

The mechanism of chiasmal injury has been discussed, and it has 
been suggested that, in both traumatic and tumour cases, the primary 
damage is to the vessels supplying the chiasma. 
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REACTIONS OF A DOG AFTER REMOVAL OF THE 
CEREBRAL HEMISPHERES. 


BY 8. I. LEBEDINSKAIA AND J. 8. ROSENTHAL, 
(From the Physiological Department of the Institute for Eaperumental Medicine, Leningrad.) 


THE experiments were carried out on a young male dog weighing 
13:5 kg., “ Zavetny’’ by name. Hiscerebral hemispheres were removed 
by two successive operations, the right hemisphere on April 1, 1930, 
the left on May 27, 1930. The operations were carried out without 
great loss of blood, and thus it was possible to remove the hemispheres 
without damaging the subcortical matter. 

On April 24, 1930, the gastric and salivary (left parotid) fistule 
were made. . 

The dog began to walk on the third day after the second operation. 
At first he walked in circles, leftwards, throwing up his front paws high 
when he was moving fast, shuffling them along the floor when he was 
moving slowly. When attempting to shake himself the dog sometimes 
fell. By the beginning of August all these motor disturbances had 
disappeared. 

“ Zavetny’ also began to eat on the third day after the second 
operation. However, he never seized his food, but licked it up slowly. 
His ration consisted of 400 c.c. of milk, 200 grm. of bread, 100 grm. of 
raw meat, 300 grm. of cooked oats and a tablespoonful of cod-liver oil, 
all mixed together. The quantity was given him twice a day, but he 
would not eat it in the beginning, and what he left was introduced via 
the fistula into his stomach. Gradually he began to eat more, and three 
months after the last operation was able to finish off his rations. In the 
last six months of his life he ate in the normal way, that is, seized his 
food, and not merely licked it up. However, “ Zavetny ” never learned 
to find his food; the basin containing food had to be brought close to 
his nose for him to take it. 

With these rations “‘ Zavetny ” kept his weight and looked fit and 
well, and had an excellent coat, which showed that he was in good 
physical condition. 

The experiment of March 26, 1931, may serve as an illustration of 
unconditioned alimentary activity. To the stimulus of food consisting 
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of 5 grm. of meast-and-bread powder, his first salivary response was 35 
drops, his second 31 drops. After pouring 10 c.c. of 0°25 per cent. 
hydrochloric acid into his mouth, the salivary response via the parotid 
fistula was 62 drops. Such quantities are characteristic of normal dogs. 

To compare the proportionate periods of sleep and wakefulness of 
“ Zavetny ” with those of' normal dogs, we put him under continuous 
observation for several days and nights. The normal “control” dogs 
slept on the average sixteen hours out of twenty-four. Sleep generally 
took place at night and in the evening with interruptions occurring 
every two to three hours, sometimes more often. During these short 
waking periods the dogs changed their position, scratched or licked 
themselves and sometimes urinated or defecated. ‘‘ Zavetny’’ slept 
also mostly at night and in the evening, but he was different from 
normal dogs in that he slept sometimes for seven to seven and a half 
hours without changing his position. It was difficult to rouse him even 
by loud noises, while normal dogs were roused instantly by the sound 
of our steps. This points again to the greater sensitiveness of the 
cerebral cortex to external and internal stimuli when compared with 
the subcortical matter. 

His total period of sleep per twenty-four hours sometimes equalled 
that of normal dogs, sometimes it was as little as eight hours out of 
twenty-four. In such cases the waking state occupied sixteen hours, a 
feature that reminds one of Goltz’s dog whose rest-and-sleep periods 
were considerably reduced as compared with normal dogs. 

In addition to these prolonged periods of continuous observation we 
also observed “ Zavetny’”’ for many hours during our experiments on 
the extinction of the orientation reflex. Asa rule the dog remained 
awake during the first half of‘the day. He walked about the room in 
every direction, sometimes running from wall to wall, sometimes 
scratching the door, barking or whining in an unusual manner. The 
transition from wakefulness to sleep took place gradually. “ Zavetny”’ 
would begin. to walk more slowly and to stop more often, thrusting his 
nose into & corner or against a wall; he would close his eyes now and 
again, then his front paws would slide apart and the animal would sit 
down slowly. Having satin this position for one to five minutes he 
would suddenly relax and his body would slip into a lying position, 
mostly on ifs belly or on its side with legs stretched out, more rarely 
‘curled up. There never was any attempt to find or choose a place to 
lie down. During the first two-thirds of his life without hemispheres 
“ Zavetny ” as a rule slept soundly and in comfortable positions, but in 
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the last- few months such postures were not observed. On the contrary 
the dog slept in surprisingly uncomfortable positions, such as lying 
on his belly with paws stretched forward and apart, his nose thrust into 
the floor, or sometimes with his head thrown backwards in a most 
unnatural way. 

The transition from sleep to wakefulness took place instantaneously ; 
the animal rose to his feet with ease and speed. When pushed over on 
to the floor “ Zavetny”’ got up at once. 

In the autumn of 1980 (September 9) and in the spring of 1931 
(May 18) we brought “ Zavetny”’ into contact with a bitch on heat. 
He followed her persistently, licking her, biting her lightly, sometimes 
standing tensely and even trying to clutch ber with his front paws in 
various places (front, side and back), but no erection took place. 

His temperature regulating function remained normal. Goltz 
mentions that his dog felt warmer to the touch than normal dogs. We 
‘experienced the same sensation to our hands when touching “ Zavetny,” 
but his temperature, which we took frequently, remained between 39°1° 
and 39°8° C. The*majority of normal dogs have an average temperature 
of about 38°5° C. (small dogs have higher temperatures). It is possible 
that a hemisphereless dog loses more warmth during sleep than normal 
dogs do, as he sleeps stretched out and not curled up. In this case it 
is intelligible why he should have had a slightly higher temperature than 
normal. The cooling of the dog (February 27, 1931) in the street ata 
temperature of 10° C. for half an hour raised his temperature in the 
room from 39°7° to 40° ©. The cooling of Goltz’s dog was followed by 
a drop in body temperature. 

‘“Zavetny’’ was not guided by vision. When moving about the 
room he walked into walls as if there Were nothing in front of him, 
touched them with his front paws or nose, and only then changed his 
direction. In a large room with furniture he invariably walked into 
obstacles, and if his feet or head got entangled and stuck in an un- 
comfortable position, he did not try to free himself by a series of 
co-ordinated movements like a normal dog, but disentangled himself 
eventually after many fruitless attempts merely by accident, because 
in the mass of his disorganized movements there happened to be some 
which effected’ his release. Ifthe dog, being hungry, accidentally walked 
into a basin of food, he would bite the edge of the basin until .his nose 
came in contact with the food. 

The pupillary reflex took place when light was thrown into the 
dog’s eyes. T 
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His taste reactions were normal: he immediately rejected meat 
damped with a solution of quinine, and would not drink milk contain- 
ing O'l per cent. of quinine, 5 per cent. of common salt or 5 per cent. 
of Liebich extract. Though movements of the head occurred which 
could be described as “ seeking” or ‘‘ sniffing” reactions, “ Zavetny ” 
failed to find pieces of meat placed in front of him even when he trod 
upon them. When “ Zavetny’”’ was demonstrated at Professor Orbeli’s 
lecture and a piece of sausage was dangled in front of his nose, no 
reaction followed, but when the sausage was brought close to his 
lips, he ate it with an obvious appetite. As arule the olfactory lobes 
are destroyed at the removal of the cerebral hemispheres, and the above 
facts seem to confirm this. 

With regard to cutaneous sensibility, besides his failure to find 
meat when he trod in it, we observed a lowered thermal sensibility of 
the skin. When any of the dog’s paws were plunged into cold water 
(+ 8°C.) he made no attempt to remove it until we did so ourselves. 
In one experiment we held the dog in this position for six minutes. 
Apparently the cutaneous receptors have suffered as well as those of 
other senses. Therefore, to speak of hyperssthesia, postulated by 
Zeliony, is hardly possible. 

Picking the dog up, putting him in the experimental stand, or 
preventing him from walking about on the floor provoked great excite- 
ment on his part and a display of strong motor reactions, panting and 
salivating, sometimes accompanied by biting and barking. However, 
he calmed down quickly when interference ceased. This is an illus- 
tration of one of the basic instincts—reaction against interference with 
the freedom of movement. , The mechanism of the summation of 
stimuli in the subcortical matter brings about exaggerated, chaotic 
motor reactions in the absence of the controlling activity of the cortex. 

Touching the hair on the dog’s back did not provoke the “ shaking ” 
reaction. 

The pressure exercised through the skin on the mucous membrane 
of the cheeks provoked the chewing reflex. The stroking of the skin 
of the neck towards the chin provoked no yawning reflex, as it did in 
Goltz’s dog. Light stroking elicited no wagging of the fail. 

The scratch reflex was present. However, we could not get the 
“ Bahnung reflex” to scratching. Scratching of the root of the tail 
provoked, as in Goltz’s dog, the rhythmical putting out of the tongue 
and biting. When the dog was held in the air in a vertical position for 
ten minutes rhythmical flexion and extension of the hind legs began to 
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take place. Pressing on the tail did not inhibit these movements as it 
did in Goltz’s dog. Also in contrast to Goltz’s dog “ Zavetny ” refused 
to follow us when taken on a lead. He stuck his feet into the ground 
and retreated backwards. 

He urinated in the manner of a female dog. 

The orientation reflex was present. Cutting paper with a knife or 
winding a stop watch in the passage adjoining “ Zavetny’s”’ room caused 
him to raise his head and prick up his ears. We carried out several 
experiments on the extinction of the orientation reflex to various sounds 
(electric bell, baby’s rattle, toy-horn), ‘These experiments took place 
at 11 to 12 in the morning, either before or an hour after feeding. The 
stimulus lasted five seconds and was applied at one-minute intervals. 
As a rule the orientation reflex was absent more frequently when the 
dog was full than when he was hungry. After meals the animal was 
usually quiet and often fell asleep. But the repetition of the experiments 
brought about uniformity of behaviour, and the differences gradually 
disappeared. The percentage of the absence of orientation reflex became 
the same in the satiate as in the hungry state: This might be inter- 
preted as an indication of the extinction of the orientation reflex. 

The following table illustrates this :— 











No, of No, of Per sent. 
Date Stimuli eE r a E e A a Remarks 
a Wht WHr J WG 
of stimuli | extinction | voked io Fake 1 
an response responsa 
—— ———⸗ — e— J— nd One erie ete to) carrera — — | N q—⸗ — a ——— — 
5.12 | Bell.. F 126 55 89 81 The dog was fed before 
experiment. 
15.12 | Rattle se 106 88 9” 8'5 The dog was not fed. 
28.12 | Rattle a 70 12 89 56 “i was fed. 
80.12 | Rattle pä 80 18 26 82°5 was not fed. 
198] 
76 | Horn ja 88 46 42 51 was fed. 
9.5 Rattle * 57 24 28 42 


In the last two ex- 
periments the dog 
remained wide awake 
after feeding. 





The extinction of the orientation reflex was brought down to two or 
three noughts, that is, if no orientation reflex was provoked by two to 
three consecutive stimuli, we regarded it as extinguished. If after this 
a new stimulus was applied, the orientation reflex generally reappeared. 

The extinguishing of the orientation reflex and training in the 
process of inhibition, which is clear from the table in the case of rattle, 
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are properties of cortical activity. These experiments made it clear 
that some part ofthe cortex had not been removed and continued to 
function. It also made intelligible the establishing in “ Zavetny ” of a 
conditioned salivary reflex to a metronome. However, the establishing 
of this reflex took a long time. It appeared first at the 250th applica- 
tion as 3 drops, during thirty seconds of the isolated application of the 
stimulus. One of these experiments demonstrating ‘‘ Zavetny’s’”’ 
conditioned reflex was done in the presence of Professor Pavlov (on 
May 12, 1931) and was a complete success. But even earlier, in 
December, 1930, we noticed “ Zavetny ” standing up on his hind legs 
and scratching the door leading into the passage where he was usually 
fed when we approached that door in the morning, and he could hear 
our steps outside. We had never seen him before standing up on his 
hind legs or scratching the walls, and for a long time could not under- 
stand this behaviour. The establishing of a conditioned reflex to the 
metronome explains it, however, as another alimentary conditioned 
reflex established to the sound of footsteps. 

On April 15, 1931 “ Zavetny” had his second fit*of convulsions of a 
clonic type. On May 29, 1981, a third fit of the same kind occurred 
which ended in the dog’s death. Thus“ Zavetny ” lived without cerebral 
hemispheres for one year and two days. The weight of his corpse was 
18'2 kg. The autopsy and macroscopic examinations were carried out 
by Professor A. D. Speransky to whom we are grateful. The dura 
mater was found adhering closely everywhere to the remnants of 
the brain tissue. It was very much thicker than normal, especially 
at the posterior near the tentorium cerebelli, as well as along the middle 
line above the fissura cerebri magna where the thickness of the scar 
exceeded 1 cm. On its internal surface the dura mater adhered closely 
to the surface exposed by the removal of the cerebral hemispheres. 
There were no scars or the base of the brain. Scars were found in 
front, in the region of the olfactory lobes, which were destroyed by the 
operations. All the nerves of the base of the brain were intact and 
were not adherent to scar tissue. 

Transversal sections made from the medulla oblongata to the front 
end of tractus olfactorius at a distance of 2 to 8 mm. from one another 
have shown: (1) The lower posterior horn of the left lateral ventricle 
was absent to the middle of the thalamus; (2) in that part the dura 
mater modified by the scar adhered directly to the subcortical matter ; 
(3) owing to the secondary scar formations the cornu ammonii on the 
left. . . was hardly discernible; (4) in front of their middle parts both 
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lateral ventricles were intact and descended together with the fornix 
towards the front part of the base of the brain; (5) the right gyrus 
pyriformis was intact, the left was damaged; (6) near the right gyrus 
pyriformis we found a well preserved portion of the auditory area of 
the cortex-gyrus compositus posterior. The rest of the brain presented 
no noticeable changes. 

In conclusion we should like to add that some of Goltz’s assumptions 
were confirmed by the examination of “ Zavetny,” i.e. that hemisphere- 
less dogs with or without minor damages to the subcortical matter retain 
more function and in a better state than has- happened in the case of 
his dog. The same is confirmed by Zeliony’s dog, which retained his 
play reflex after his cerebral hemispheres were removed, and which had 
a larger portion of the subcortical matter than Goltz’s dog. 


SUMMARY. 


(1) A small portion of cerebral cortex is sufficient for the establishing 
of simple conditioned reflexes. 

(2) Motor disturbances in hemisphereless dogs pass away almost 
completely in the course of time. 

(8) The sleep of hemisphereless dogs is deeper and sounder than 
that of normal dogs, owing to the absence of the cerebral cortex, which 
is & more sensitive mechanism to internal and external stimuli than 
the subcortical matter. 

(4) All the internal functions of the organism (metabolism, tempera- 
ture regulation, &c.) depending upon the subcortex remain satisfactory 
in hemisphereless dogs. ; 

(5) Hemisphereless dogs lose sight and smell. Taste remains more 
or less normal. 

(6) Cutaneous sensibility to mechanical and thermal stimuli is 
lowered. 

(D The unconditioned orientation reflex to sounds and noises is 
preserved. 

(8) Exploratory (investigatory (reactions) movements of the head) 
are preserved, and can be easily mistaken for olfactory reactions which 
in reality are absent. 

(9) The mating (sex) instinct in hemisphereless dogs may be 
preserved but incompletely. 

(10) Hemisphereless dogs are unable to find their food without 
assistance. - 
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(11) We have never observed in “ Zavetny” fits or convulsions of 
the tonic type. 
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Nouveau Traité de Médecine. Fascicule XX. Patholoqre du Système 
Nerveuz. (Bulbe, Nerfs craniens, Méninges, Moelle.) Paris: 
Masson et Cie, 1985. Pp. 984. Price 130 fr. 


This volume completes the system of medicine which has been appearing 
for some years under the auspices of Professors Roger, Widal and Teissier. 
Of the twenty-two volumes four have been devoted to diseases’ of the nervous 
system. Unfortunately several years have elapsed since the publication of 
‘the first of these, and consequently the system as a whole scarcely presents an 
up-to-date picture of neurology of to-day. Even in the volume under review 
there are indications that some of the articles were written some time ago; 
that on diseases of the meninges was originally prepared by Sicard who died 
some years ago, and in other chapters there is a failure to note recent advances 
in knowledge, as in that on the sphincters, myasthenia gravis and the combined 
degenerations of the cord. But on the whole this volume, as its predecessors, 
is an admirable presentation of clinical neurology in which special emphasis 
is laid on symptoms and diagnosis in which the French school has always 
excelled. 

The first quarter of the volume is devoted by Guillain and Alajouanine to 
diseases of the brain-stem; it is an excellent presentation of the subject, 
complete, concise, well arranged and adequately illustrated. It is, of course, 
largely concerned with local lesions, but the sesulting symptoms are carefully 
analysed and diffuse and systemic affections, as polio-encephalitis, bulbar palsy 
and other diseases, are also dealt with. Froment deseribes fully diseases of 
the cranial nerves; his chapter on facial spasms is particularly interesting. 
The article in which he collaborates with Colrat on the optic nerve is less 
satisfactory. Sicard’s contribution on the meninges, which has been revised 
by Haguenau, includes sections on the aseptic meningitides and on subdural 
and subarachnoid hmmorrhage. The symptoms of spinal compression and 
their pathology are described by Léri and Thiers, and other chapters deal with 
spinal concussion, hematomyelia, abscess of the cord and acute myelitis. 

The same authors, in collaboration with Lièvre, discuss fully all aspects of 
tabes dorsalis and its treatment. The chapter on the combined degeneration of 
the cord by Crouzon is disappointing ; sufficient space has not been allotted to 
it, and recent work and experiences on subacute combined degeneration do not 
receive the notice they deserve. Léri and Thiers also write on spinal 
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muscular atrophy, amyotrophic lateral sclerosis and disseminated sclerosis, and 
Alajouanine on syringomyelia. The chapter on syphilis of the cord is scrappy 
and unsatisfactory. 


Lehrbuch der Nerven-und Geisteskrankheiten. Herausgegeben von 
Professor W. Wriyeanpt. Halle a. S.: Carl Marhold. 1985. 
8. 668. Price 24.80 RM. 


In a short introduction to this textbook Professor Riidin emphasizes the 
importance to the student, the physician and to the State of dealing with the 
biological and hereditary aspects of nervous and mental diseases, and in the 
preface the editor also insists on the necessity of treating these conditions 
from the social and eugenio as well as from the clinical and individual stand- 
point. But though attention is fooused on these important aspects, the 
reader will find that the treatment and discussion of nervous and~ mental 
disorders follows more or less conventional lines, though most of the authors 
succeed in impressing their personal views and experiences on the subjects on 
which they write. ° 

The long introductory chapters in which the etiology, symptoms, psychical ' 
and somatic pathology, and the treatment of nervous afid mental diseases are 
considered together is a striking feature of the book; this is a most praise- 
worthy method, as valuable to the neurologist as to the psychiatrist, as it 
helps to bring together two branches of nervous disease which have been foo 
generally separated. In the clinical sections disorders of various systems and 
individual diseases are concisely but clearly described and discussed. The 
illustrations are not numerous, but are well chosen, and there is an excellent 
index. 


Diseases of the Nervous System: A Textbook of Neurology and 
Psychiatry. By SMITH, ELY JELLIFFE and Wirum H. WHITE. 
Sixth Edition. Pp. 1175. 1985. London: H. K. Lewis and Co. 
Price £2 2s. 


The appearance of the sixth edition of this textbook, which was first pub- 
lished twenty years ago, is evidence of its popularity. It has been revised and 
in parts rewritten, but its essential features remain unchanged ; the first part - 
deals with conditions which are generally regarded as neurological, the second, 
of 260 pages, with the neuroses, psychoneuroses and psychoses under the title 
“psychical or symbolic systems.” In the latter section the subjects are 
treated on more or less conventional lines, but from a rather extreme psycho- 
analytic angle. The most striking features of the earlier chapters are the 
importance given to disorders of the autonomic systems and to disturbances 
in the functions of the endocrine organs in the stiology and manifestations of 
nervous diseases and the large rôle which psychogenic factors are assumed 
to play in pathogenesis. Any new point of view is valuable if it is based 
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on adequate facts, but it is difficult to acceph many statements found in these 
chapters, particularly without more evidence than the authors present, and to 
follow certain of their arguments. Gastric and duodenal ulcers, for instance, 
are attributed to a “ malignant psychogenic maladjustment, hyperadrenalemia 
with later exhaustion ” ; psychical factors are assumed to plhy a part in the 
production of myasthenia gravis, and psychotherapy is recommended as one of 
its important therapeutic agents, and myotonia is due to defective para- 
sympathetic control raising the threshold of the synapse and thus preventing 
the immediate passage of the voluntary stimulus. 

The main features of the organic diseases of the nervous system are, how- 
ever, excellently presented, their stiology and pathology are clearly discussed. 
Here the extensive experiences of the authors and their intimate acquaintance 
with the literature are evident and both are happily blended. 

Though not a book for the student if should prove useful and stimulating 
to the practitioner and neurologist. 


Tumeurs de L’ Encéphale. Par D. Pauwain. Paris: Masson et Cie. 
1985. Pp. 216. Price fr. 30. 


There is little whith distinguishes this monograph from the numerous books 
which have appeared during the last few years on cerebral tumours. It is 
based on forty-six cases observed in Bucharest during the past ten years, 
clinical and pathological details of all of which are given. As post-mortem 
examinations were available in almost all the correlation of the clinical and 
autopsy findings would have been instructive if the clinical descriptions were 
more complete. The chapter on the pathology of tumours presents nothing 
new. There are numerous illustrations, but the reproduction of many of them 
is not satisfactory. 


Hughlungs Jackson Memorial Volume. Edited by Professor L. BENEDEK. 
Published by the Clinic for Nervous and Mental Diseases, Debrecen, 
Hungary. 1935. 


In celebration of the centenary of Hughlings Jackson’s birth the members 
of the Clinic for Nervous and Mental Diseases of the University of Debrecen, 
have collected a large number of their papers into this volume which has been 
edited by their Director, Professor Ladislaw Benedek, who has also contributed 
to it a sympathetic appreciation of Jackson's work. The articles, many of which 
have been published elsewhere, are arranged according to the subjects with 
which they deal. The first section on psychiatric subjects includes nine papers, 
of which the most interesting perhaps is Professor Benedek’s on the effect of 
active immunization of patients suffering with nervous syphilis by non-patho- 
genic Spirocheta pallida. In another section seven contributions on psychology 
and psychopathology are brought together, and this is followed by a few papers 
ọn eugenic and hereditary problems, Among these is included a valuable 
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review by Benedek on the relation of the traumatic neuroses to cerebral com- 
motion. But the majority of the fifty-seven papers which this volume contains 
. ob devoted to neurological subjects, and much valuable work is contained in 
them. 

The volume fs not only a valuable collection of papers but also an indication 
‘of the clinical and scientific activity of an important centre of neurdlogy and 
psychiatry; it is also welcome as a token of B friendly spirit of international 
interest, 


The Anatomy of the Nervous System. By S. W. Ranson. Fifth 
Edition. Philadelphia and London: W. B. Saunders and Co., Lid. 
1935. Pp. 501, with 381 illustrations. Price 27s. 6d. 


Since it first appeared in 1900 this textbook on the anatomy of the nervous 
system has proved its worth and acquired the popularity with teachers and 
students which it rightly deserves. It was originally so well planned and so 
complete within the limits intended by the author, that little change has been 
necessary in subsequent editions, though new facts or conceptions significant 
from the aspect of structure or function have been where necessary included. 
This has necessitated considerable revision in the presenf edition, but the chief 
addition to it is the inclusion of a series of illustrations of the fibre masses 
and nuclei as seen in sections of brain-stem and fore-brain at the end of the 
volume; these constitute a comprehensive atlas which will be extremely valuable 
for reference as well as for the student, more particularly as the more important 
structures in each section are fully described in the accompanying text and 
their significance pointed out. i 

The value of this textbook for the clinical student is that it is, as the 
author claims, “ written from the standpoint of development and function,” by 
one well fitted to do so; in this respect it contrasts with many textbooks in 
which anatomical facts are recorded without reference to their functional or 
clinical significance. 


Clinical Aspects of Visceral Neurology. By W. K. Livineston. 
London : Baillière, Tindall and Cox. 1935. Pp. 254. Price 22s. 6d. 


The book opens with a section devoted to the anatomy of the visceral 
nervous system and to the many physiological hypotheses now current in 
connection with it. The pharmacology of the system and the problem of 
visceral pain are also fully considered. ` 

Part two deals witb those clinical conditions, believed to arise from disease 
or disordered function of the visceral nervous system, for which visceral 
nerve resections are performed or proposed. These include occlusive diseases 
of blood-vessels, angina pectoris, Hirschsprung’s disease, disorders of bladder 
function and dysmenorrhea. Ohronic arthritis appears now to be added to 
the maladies treated in this way. 
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This list indicates a tendency, which is not unfamiliar when some new 
division of the nervous system comes into the forefront of clinical attention, to 
lay to the charge of the visceral nervous system disorders with which its 
connection is not yet wholly clear. 

Surgical opinion has not been inclined to wait upon the filing of these gaps 
in our knowledge, and numerous. ingenious and somewhat experimental 
operative procedures have been devised and performed for these various 
maladies. It is satisfactory to see that the treatment of spasticity of the 
skeletal musculature has now finally disappeared from this category, though it 
must in justice be admitted that the new era of visceral neurosurgery owes its 
origin to the work of Hunter and Royle in this direction. 

The reader will find a comprehensive summary of the literature of the 
subject, together with detailed accounts of the authors own work and 
experience. To the surgeon the book will be of especial interest in its technical 
aspects. 

There is an exhaustive bibliography. 


Untersuchungen über die Fruchtbarkeit gewisser Gruppen von Geistes- 
kranken. (Acta Psychiatrica et Neurologica. Supplementum VIII.) 
Von ERIK E8SSEN-MÖLLER. Copenhagen. Levin and Munksgaard. 
1935. Pp. 314. 


The material for this thorough study of fertility among the insane com- 
prised nearly 5,000 cases of manic-depressive insanity, schizophrenia and 
epilepsy, together with 1,000 normal persons who could be used for comparison. 
Two years were spent in collecting the data, which have later been submitted 
to a statistical analysis, here clearly and simply presented. The conclusions 
reached confirm the general impression of psychiatrists on this matter and are 
explicable without resort to any hypothesis as to an intrinsic connection 
' between inherited fertility factors and those responsible for the mental illness. 
Among many interesting data are the figures for the number of children born 
prior to the first admission to hospital: from these and related statistics it 
may be recognized how small an effect compulsory sterilization of insane 
patients would have on the incidence of such illness in the next generation, or 
even in many succeeding generations. 


Kurzgefasstes Lehrbuch der Psychiatrie. Von Johannes Lange. 
Leipzig: Georg Thieme. 1985. Pp. 254. Price M. 8.70. 


This is, in intention and effect, an elementary textbook of psychiatry; as 
it expressly avoids all discusion of unsolved problems its interest for the 
advanced psychiatrist is in inverse proportion to its value to the medical 
student and the general practitioner. Its size and detail are clear indications, 
however, of the range of assured knowledge in psychiatry, too often overlain 
by research questions or belittled in fayour of speculation. The direct style 
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and orderly, rather dogmatic, presentation are in accordance with the author’s 

modernized Kraepelinian approach to his subject, ’ 

Alcohol and Angsthesa. "` By W. Burriper. London: Williams and 
Norgate, Ltd. 1984. Pp. 65. Price Qs. 6d. 


An experiment on the perfused heart is here the starting point for a series 
of loose analogies and views on the nature of neural energy, mental processes, 
and the action of drugs. The author's style is polemical and diffuse, his 
terminology novel, and his opinions, especially as regards drug-addiction, 
hardly justified by the facts and arguments adduced in their support. 


Psychometrics, a Study of Psychological Measurements. By JOHNSON 
O’Connor. Cambridge, Massachusetts. Harvard University Press. 
London: Humphrey Milford: Oxford University Press. 1934. 
Pp. 292. Price 15s. net. 


In this report of a statistical research in psychology, the reliability of a' 
number of tests is brought under review and certain mental elements defined. 
The criteria employed for definition of a mental element were that it must be 
measurable, must have a reproducible skill curve and must be independent of 
age and experience and of other mental elements. The seven mental elements 
isolated in these experiments are summarized as personality, tonal memory, 
engineering aptitude, clerical aptitude, tweezer dexterity, finger dexterity and 
creative imagination. The methods of experiment and of evaluation are fully 
recorded. The work, admirably precise and technical, is & useful addition to 
the literature of industrial psychology. 


Writers of “Original Articles and Clinical Cases” are supplied free of charge 
with 50 copies reprinted in the form in which the paper stands in the pages of 
“Brain.” If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
from Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 
London, W. ! 

Members of the Neurological Section of the Royal Society of Medicine can 
obtain the Index of “ Brain” for the Volumes I to XXIII inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin’s Street, London, W.C., at the price of 6s. 8d., post free. 

l To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 6d. net, and the volume may be obtained 


through any bookseller, f 
EDITOR. 


“sos DECEMBER, 1935 


BRAIN. ` 


THE EFFECT OF INCREASED INTRACRANIAL VENOUS 
PRESSURE ON THE PRESSURE OF THE CEREBROSPINAL 
FLUID. 


BY T. H. B. BEDFORD. 
‘(From the Depariment of Pharmacology, Manchester University.) 


Iv has been known for some time that constriction of the veins of 
the neck is followed by an increase in the pressure of the cerebrospinal © 
fluid. This phenomenon was made use of by Queckenstedt [13] in his 
test for obstruction of the spinal subarachoid space. Queckenstedt 
suggested that the rise in the pressure of the cerebrospinal fluid was 
due to an over-filling of the brain with blood. He thought also that 
the pressure was perhaps raised in another way. He believed that after 
compression of the veins of the neck blood escaped from the brain into 
the venous plexuses which surround the dural coverings of the spinal 
cord. The vessels of these plexuses would then become distended with 
blood and exert an abnormal pressure on the dura of the upper cervical 
cord. This he thought would lead to an increase in the pressure of the 
cerebrospinal fluid. It is noteworthy that Queckenstedt found it 
unnecessary to postulate either an increased formation or a delayed 
absorption of the cerebrospinal fluid to account for the rise of pressure. 

Before considering the effect of increased intracranial venous 
pressure on the pressure of the cerebrospinal fluid it is proposed to 
consider briefly what is known of the normal relation of the intracranial 
venous pressure and the cerebrospinal fluid pressure. 


The normal relation of the intracranial venous pressure and the cerebro- 
spinal fluid pressure. 

The experimental investigation of the subject may be said to have 

started with the work of Leonard Hill [12] in 1896. Hill attempted 


to make direct measurements of the two pressures and came to the 
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conclusion that the cerebrospinal fluid pressure and the torcular venous 
pressure must at all times be equal. Nearly twenty years later Dixon 
and Halliburton [7] also made direct measurements of the pressures, 
and expressed the opinion that the cerebrospinal finid pressure was 
independent of the venous pressure at the torcular and that of the two 
the venous pressure was considerably the higher. Wagefarth [14], about 
the same time, considered that the cerebrospinal fluid and the torcular 
pressures were not equal but that the cerebrospinal fluid pressure was 
normally the greater although it was being constantly reduced towards 
the level of the venous pressure. He came to these conclusions 
in the following way. An artificial opening was made between the 
superior longitudinal sinus and the subarachnoid space in dogs, the 
opening persisted for at least four days. Bleeding from the sinus into 
the subarachnoid space occurred in only one case and in this animal 
cerebrospinal fluid had been removed at the time of the puncture. In 
" these animals the removal of anything but the smallest amount of 
cerebrospinal fluid was followed by marked subdural and subarachnoid 
hemorrhage. These experiments would seem to indicate that the 
cerebrospinal fluid pressure was constantly above that of the superior 
longitudinal sinus and that blood did not pass from the sinus to the sub- 
arachnoid space unless cerebrospinal fluid was withdrawn in a quantity 
sufficient to alter the intracranial pressure relations, 

Frazier and Peet [11] considered that the torcular and the fluid 
pressures were identical and thus supported the findings of Leonard 
Hill. A careful investigation of the problem was made by Becht [1] 
who came to the conclusion that the torcular and the cerebrospinal fluid 
pressures were almost but not exactly equal and that no definite state- 
ment could be made as to which pressure was normally the higher. 
Weed and Hughson [15], however, by employing an improved method 
of recording the torcular venous pressure came definitely to the conclu- 
sion that “‘the pressure of the cerebrospinal fluid ıs not identical with 
elther the sagittal or the brachial venous pressure.” They also stated 
that “in the control experiments and in the initial control periods of 
other observations, the cerebrospinal fluid pressure has been found to 
be from 5 to 50 mm. above that of the sinus ” and they concluded that 
under normal conditions the pressure of the cerebrospinal fluid was 
always higher than the torcular pressure. 

In the experiments which are about to be described it was the 
custom to measure both the torcular and the cerebrospinal fluid pressure 
during an initial control period. The animals were always in the 
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horizontal position. Although observations were made on many dogs, 
the torcular pressure was always found to be from 25 to 95 mm. of a 
4 per cent. solution of sodium citrate below that of the cerebrospinal 
fluid. á 

These observations confirm the finding of Weed and Hughson that 
the pressure of the cerebrospinal fluid always exceeds that of the torcular, 
but it should be noted that the difference in the two pressures was 
occasionally found to be greater than the maximum described by these 
two workers. 

We sre now in & position to consider what is known of the effect of 
obstruction of the venous return from the brain on the pressure of the 
cerebrospinal fluid. 


The effect of obstruction of the venous return from the brain on the 
pressure of the cerebrospinal flucd. 


According to Becht [1], who has reviewed the literature up to 1920, 
Falkenheim and Naunyn [9] were the first to study the effect of raising 
the venous pressure on the pressure of the cerebrospinal fluid. A small 
rubber balloon was placed in the right ventricle of the heart and inflated. 
In two animals there was a rise in the pressure of the cerebrospinal 
fluid while in the third animal there was a fall. Falkenheim and 
Naunyn concluded that the rises in fluid pressure were caused by venous 
stasis without much reduction in the arterial pressure while the fall was 
caused by a fall in the arterial pressure due to the marked reduction of 
cardiac output which was caused by the direct pressure of the balloon. 
Dixon and Halliburton [7] observed in the course of their experiments 
that a rise of venous pressure paused a rise in the pressure of the cerebro- 
spinal fiuid. They also found that the rise in the pressure of the 
cerebrospinal fluid was only about one quarter of the rise in the pressure 
at the torcular. They found, however, that the alterations in the fluid 
and the venous pressures were neither synchronous nor proportional and 
they concluded that although the pressure of the cerebrospinal fluid was 
influenced to a small extent by changes in the venous pressure these 
alterations were insignificant compared with the independent changes 
in pressure which occurred as the result of secretory activity. Frazier 
and Peet [11] found that a fairly constant rise in the pressure of the 
cerebrospinal fluid followed occlusion of the venous circulation. They 
concluded that “the more or less constant rise in cerebrospinal fluid 
pressure when the venous circulation is interrupted confirms the hypo- 
‘thesis that the absorption of cerebrospinal fluid takes place chiefly 
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through the venous channels.” A series of experiments was performed 
by Dandy and Blackfan [5] on dogs, in which they noted the rate of 
escape of cerebrospinal fluid from a needle in the cisterna magna. They 
observed an instantaneous and marked increase in the outflow of cerebro- 
spinal .fiuid on compressing the jugular veins. They state: “ This 
increased production (of cerebrospinal fluid), however, disappears within 
a few minutes as the collateral venous circulation becomes established ” 
and later they express the opinion that the increased outflow of cerebro- 
spinal fluid can be explained only by an increased production of fluid. 
Much of our knowledge of the nature of the initial effects of com- 
pression of the jugular veins upon the pressure of the cerebrospinal 
fluid is due to the work of Becht [1]. This worker’s experiments 
provide fairly conclusive evidence that the sudden increase in the 
pressure of the cerebrospinal fluid which follows compression of the 
vessels of the neck is caused neither by an increased production nor by 
‘a, delayed absorption of the cerebrospinal fluid, but that it is due to an 
accumulation of venous blood in the cranial cavity and a displacement 
of the cerebrospinal fluid into the spinal canal. Becht came to these 
conclusions as a result of the following observations: (1) He found 
that the changes in the fluid and the torcular pressures observed on 
compression and on release of the veins of the neck varied in the same 
direction and ran a remarkably parallel course. It was evident from 
these observations that one of the factors which determined the pressure 
of the cerebrospinal fluid was the venous pressure in the skull. (2) He 
raised the pressure of the cerebrospinal fluid to a constant height : 
(a) By introducing saline solution into the subarachnoid space through 
a needle in the cisterna magna; (b) by, a temporary ligation of the 
external jugular veins. He then determined the time required for the 
pressures to return to their original levels. The time required for 
the fall of pressure after the introduction of saline was nearly thirty 
times as long as that after release of the jugular veins. Further, the 
rise of pressure in the former instance was unaccompanied by a rise in 
the pressure at the torcular while in the latter it was accompanied by 
an increase in the torcular pressure. In one of his experiments, six 
minutes were required before the pressure of the cerebrospinal fluid 
which had been raised by the introduction af saline solution returned 
to its original level while a pressure of equal height which had been 
produced by constriction of the external jugular veins returned to its 
original level in eleven seconds when these vessels were released. 
Becht considered that if an actual increase in the quantity of cerebro- 
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spinal fluid ‘had resulted from ligation of the jugular veins, a longer 
period than eleven seconds would have been required for readjustment 
after release of the veins. Becht’s observations on the effect'of ligation 
of the jugular veins on the pressure of the cerebrospinal fluid have been 
confirmed and extended by Weed and his co-workers. Weed’s [16] 
conclusions are summarized in the following’ extract from a paper 
entitled “ The relation of the intracranial pressures ’’ which he published 
in collaboration with Flexner in 1938: ‘‘ Increase in the cerebral venous 
pressure as effected by pressure upon the veins of the neck of the animal 
results in & prompt rise in the pressure of the cerebrospinal fluid but 
always to a lesser extent (than the rise in venous pressure). Eleven 
experiments in our series yielded an average increase of 267 mm. in 
cerebral venous pressure and 176 mm. in cerebrospinal fluid pressure, 
indicating that65 per cent. of the venous pressure increase is reflected 
in the pressure of the fluid. If, however, the data are taken from levels 
at which the pressure of the cerebrospinal fluid is raised but slightly’ 
over 100 mm. (as in the case of head-down tilting), the average increase 
becomes 178 mm. for the sagittal sinus and 112 mm. for the cerebro- 
spinal fluid. Hence within this normal range of pressure-change, 63 per 
cent. of a sagittal pressure increase is reflected upon the cerebrospinal 
fluid.” Weed, however, was mainly concerned with the investigation of 
the factors responsible for the changes in cerebrospinal fluid pressure 
which occur on the abrupt alteration of the animal’s position. It is not 
proposed to consider this aspect of the subject in this communication. 

With the possible exception of Dandy and Blackfan, the investiga- 
tors whose work has just been described appear to have been concerned 
mainly with the effect on cerebrospinal fluid pressure of & sudden and 
temporary occlusion of the veins of the neck and to have made little 
attempt to determine the effect of prolonged venous obstruction. 
Allusion has already been made to Dandy and Blackfan’s experiments. 
Their conclusions have been severely criticised by Becht [1] and by 
Weed [15] who have pointed out that their experimental findings can 
readily be explained without postulating a new formation of cerebro- 
spinal fluid. Similarly their conclusion that the falling off of the initial 
outflow of fluid which was found to occur during prolonged compression 
of the jugular veins coincided with the establishment of collateral circu- 
lation, appears to have been mainly speculative, for they record no 
measurements of the intracranial venous pressure. 

In a paper which appeared in 1919, Dandy [6] re-stated his views 
in the following terms: “ Whether hydrocephalus results from venous 
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stasis depends entirely upon the amount of collateral circulation which 
can develop. If both jugular veins are compressed in a dog, the amount 
of cerebrospinal fluid is immediately and rapidly increased. The 
increased production, however, disappears within a few.minutes as the 
collateral circulation becomes established.” Flexner and Winters [10] 
determined the rate of flow of cerebrospinal fluid from the aqueduct of 
the cat.. They maintained the cerebrospinal fluid at a constant pressure 
of 110 mm. water throughout the experiments. In several of the experi- 
ments the cerebral venous pressure was also recorded by a cannula in 
the peripheral end of an external jugular vein. Certain deviations from 
a constant rate of flow of cerebrospinal fluid were correlated with 
intracranial venous pressure changes and were considered to provide 
evidence of changes in the ventricular volume. No observations, how- 
ever, are recorded of the influence of a prolonged increase of intra- 
cranial venous pressure on the flow of cerebrospinal fluid. 

Although the effect on the cerebrospinal fluid pressure of an abrupt 
and temporary increase in the intracraniul venous pressure seems now 
to have been determined with accuracy, little or no work is available 
concerning the influence of a prolonged state of raised intracranial 
venous pressure. It may, indeed, be claimed that although the initial 
rapid rise in the pressure of the cerebrospinal fluid is caused by an 
increase in the volume of the intracranial venous system and not by an 
increase in the quantity of the cerebrospinal fluid, a prolonged state of 
raised intracranial venous pressure may nevertheless lead to the 
accumulation of cerebrospinal fluid. This could be effected in one or 
both of the following ways: (a) the raised intracapillary pressure of 
the choroid plexuses may lead to an increaged filtration of cerebrospinal 
fluid if simple filtration is the process by which cerebrospinal fluid is 
pormally formed; (b) the raised blood-pressure in the intracranial 
_venous sinuses may cause a delay in the rate of absorption of the 
cerebrospinal fluid and provided the rate of formation remains constant 
cerebrospinal fluid may tend to accumulate in the subarachnoid space. 
A criticism of the first of these possibilities has been presented in an 
earlier paper [2]. It is apparent, however, from the following extracts, 
which are taken from “Recent Advances in Neurology” (1934), by 
Brain and Strauss, that both these views are not lacking in supporters. 
On page 8 the authors state: “ . . . a general rise of intracranial 
venous pressure, however, is a frequent accompaniment of cerebral 
tumour and this may contribute to the development of hydrocephalus 
by leading to an increased formation of cerebrospinal fluid, since a 
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general rise of intracranial venous pressure would involve not only the 
vein of Galen but also its collaterals,’ and later on page 12: “ An 
abnormally high blood-pressure in the intracranial venous sinuses 
diminishes the absorption of cerebrospinal fluid by increasing the force 
opposing the passage of the fluid through the arachnoid villi. A 
cerebral tumour which presses upon venous sinuses may thus in yet 
another fashion contribute to the development of hydrocephalus.” 

The experiments which are to be described were undertaken in an 
attempt to determine the influence of a prolonged state of increased 
intracranial venous pressure upon the pressure of the cerebrospinal 
fluid. As it was necessary in some of the experiments to place 
obstructions on the course of the intracranial venous sinuses, it is 
proposed first to describe the anatomy of the intracranial venous system 
of the dog. 


The intracranial venous system of the dog. 


A search through the available literature has failed to reveal any 
account of the intracranial venous system of the dog dther than that by 
Ellenberger and Baum [8]. As the description given by these authors 
was found to be incomplete and to contain a number of inaccuracies it 
was decided to restudy the whole system. For this purpose a number of 
dogs’ heads were prepared for dissection by the injection of the venous 
system with carmine gelatine solution. The method employed has 
already been described in an earlier paper [8]. 

Almost the whole of the blood from the convexity and the greater 
` part of the blood from the inner aspect of the cerebral hemispheres drain 
into the superior longitudinal sinus. It will be observed from fig. 1 that 
the sinus, on reaching the torcular Herophili, divides its blood equally 
between the right and the left lateral sinuses. Just before terminating 
the superior longitudinal sinus enters a canal in the substance of the 
occipital bone. The torcular and the inner third or more of the lateral 
sinuses are also situated within the bone. The straight sinus enters the 
torcular through a foramen in the upper part of its anterior wall. For 
details of the Galenic system of the dog reference should be made to an 
earlier paper [2]. The lateral sinus follows a course which corresponds 
fairly closely with that found in man until if reaches the posterior border 
of the petrous portion of the temporal bone. Here the sinus runs 
forwards and downwards in the substance of the temporal bone and 
emerges from the skull through the postglenoid foramen which is 
situated directly behind the postglenoid process. 
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Ellenberger and Baum have applied the term “superior cerebral 
vein’ to the sinus after it has left the skull. It is soon joined, how- 
ever, by the internal maxillary vein and the common trunk so formed 
unites with the external maxillary vein to form the external jugular vein. 
The arrangement of the veins in this region is, however, very irregular 





Hig. 1.—Diagrammatic representation of the intracranial blood-sinus system of the dog. 
The true relations of the various struotures have been gonsiderably distorted and the sinuses 
are depicted as occupying one plane. (1) Superior longitudinal sinus ; (2) toroular of 
Herophili, (8) lateral sinus; (4) postgleniod foramen ; (5) basal vain; (6) temporo-oocipital 
tributary of basal vein, (7) anterior cerebral vein; (8) tributary from medulla, pons and 
cerebellum ; (9) superior occipital sinus ; (10) inferior occipital sinus ; (11) patrosal sinus ; 
(12) internal jugular vein; (13) vein of vertebral column; (14) tributary of internal 
jugular vein from vein of vertebral column; (15) cavernous sinus; (16) mtercavernous 
sinus; (17) ophthalmio vein; (18) straight sinus; (19) great vein of Galen; (20) vein of 
Galen ; (22) foramen magnum ; (21) tentorium cerebelli ; (23) inferior longitudinal vein. 


and a detailed description is unnecessary for the purposes of this com- 
munication. It is, of course, well known that in the dog the external 
jugular vein is @ large and well-defined vessel and contrasts with the 
internal jugular vein which is relatively small. In the dog there is no 
sigmoid sinus and although Ellenberger and Baum have described a 
superior petrosal sinus this has not been encountered in any of the 
specimens which have been examined. Just before the lateral sinus 
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reaches the posterior border of the petrous temporal bone, a venous sinus 
passes directly downwards from its lower border. This is the superior 
occipital sinus. At first the sinus lies within the dura but it soon enters 
a canal in the qccipital bone and ultimately unites with the petrosal sinus 
to form the inferior occipital sinus. The anterior wall of that portion of 
the lateral sinus from which the superior occipital sinus takes origin is not 
usually ossified. An opening through which blood is received from the 
basal vein is situated in the region where the superior occipital sinus takes 
origin. A detailed description of this vessel has been presented in an earlier 
communication [9]. The basal vein receives blood mainly from: (1) the 
under surface of the optic lobe through the anterior cerebral vein; 
(2) the under surface of the temporal and occipital lobes through a large 
vessel which usually joins the basal vein while the latter lies within the 
tentorium ; (3) a proportion from the island of Reil, the midbrain, the 
pons, the cerebellum and the choroid plexus of the descending horn. 
The main function of the vessel, however, appears to be the drainage of 
blood from the inferior aspect of the cerebral hemispheres. It is note- 
worthy that the opening where the basal vein terminates in the sinus 
is horizontal and slit-like and immediately above if is a fold of dura 
which corresponds with the floor of the lateral sinus. While if is 
difficult to be certain of the function of this fold of dura, which varies 
considerably in size from specimen to specimen, it would appear to serve 
the purpose of directing the blood from the basal vein into the superior 
occipital sinus. In a previous communication the basal vein has been 
described as terminating in the lateral sinus; it would perhaps be more 
correct to describe it as terminating in the superior occipital sinus. It 

must be admitted, however, that no direct evidence could be obtained 
~ of the normal direction of blood flow in the superior occipital sinus and 
although it seems reasonable to presume that it is downwards towards 
the inferior occipital sinus it is conceivable that under certain 
circumstances the flow may be in a reverse direction towards the 
lateral sinus. 

The cavernous sinus receives its blood mainly from the orbit through 
the ophthalmic veins. Although Ellenberger and Baum describe veins 
entering the sinus from the cerebral hemispheres, it has been impossible 
to demonstrate them. The anterior infercavernous sinus is not ‘repre- 
sented in the dog. The posterior intercavernous sinus, however, is a 
well-defined structure. The spheno-parietal and the superior petrosal 
sinuses are also absent in the dog. The petrosal sinus runs backwards 
from the posterior end of the: cavernous sinus in & bony canal, situated 


436 ORIGINAL ARTIOLES AND CLINICAL CASES 


between the petrous temporal bone and the basiocciput. The sinus 
then enters a canal in the substance of the occipital bone where it unites 
with the superior occipital sinus to form the inferior occipital sinus. A 
vein passes from the petrosal sinus to the exterior through the foramen 
lacerum posterius. This vessel is the beginning of the internal jugular 
vein. The inferior occipital sinus is a very short sinus. It runs back- 
wards and inwards in the interior of the bone and opens on the inner 
aspect of the condylar portion of the occipital bone. It then passes 
through the foramen magnum and becomes the vein of the vertebral 
column. ‘The veins of the vertebral column are large vessels which are 
continuous throughout the whole vertebral column. In the cervical 
region they resemble sinuses. ‘They are situated outside the dura, but 
within the periosteum, and occupy a groove on either side of the 
posterior longitudinal ligament. They are in frequent communication 
with each other and recetve blood from the spinal medulla and the 
vèėrtebræ. A vessel also passes to the exterior through each inter- 
vertebral foramen. In this way they are brought into communication 
with the veins of the neck, the intercostal, the lumbar and the sacral 
veins. | 

As already stated, the internal jugular vein in the dog is normally a 
very small vessel. It starts as a small branch from the petrosal sinus 
which passes through the foramen lacerum posterius. This venule is 
very soon joined by a somewhat larger vessel from the upper part of the 
vein of the vertebral column. Occasionally the internal jugular vein is 
not represented by a single trunk, but by a small plexus of veins which 
lies along the course of the internal carotid artery. | 

To summarize, it would appear that blood from the convexity and 
the greater part of the inner aspect of the cerebral hemispheres and also 
the bulk of the blood from the interior of the, brain find their. way to the 
torcular. After leaving the torcular two routes are available. Blood 
may leave the cranium through the lateral sinuses and the external 
jugular veins. - This appears to be the normal route. On the other 
hand, some blood may escape through the superior occipital sinuses and 
ultimately find its way into the veins of the vertebral column. It would 
seem probable that the blood from the greater part of the under surface 
of the cerebral hemispheres and some of the blood from the mid-brain, 
the pons, and the cerebellum which drain into the basal veins normally 
leave the cranium through the latter route. Some blood also escapes 
from the petrosal sinuses into the internal jugular veins. 

We are now in a position to consider the effect of experimental 
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obstruction of the venous return of the brain upon the pressure of the 
cerebrospinal fluid. 


I.—THe EFFECT OF OBSTRUCTION OF THR EXTERNAL JUGULAR VEINS 
UPON THE PRESSURE OF THE CEREBROSPINAL FLUID. 
+ 


Experimental technique.—Short-haired dogs of the mongrel type 
which weighed from 7 to 8 kg. were the animals of choice. Reliable 
results can only be obtained if the animals are strong and in good health. 
Anesthesia was first induced by the ether bomb and maintained by 
intratracheal insufflation. Care is required to maintain the rate of 
administration as near constant as possible. An abrupt change in the 
concentration of the ether is followed immediately by changes in the 
arterial, venous and cerebrospinal fluid pressures. Although an injec- 
tion of morphia rendered the administration of ether much less difficult, 
it was found to have s disturbing effect on the pressures which became 
unsteady, and it was accordingly avoided. Similar observations have 
been made by Becht [1] and by Weed and Hughson [15]. The snimals 
were maintained in the horizontal position with the head raised slightly 
above the rest of the body and supported on a block of wood. It was 
the custom to record a pressure-reading only after it had remained 
reasonably steady for a period of not less than ten minutes. The 
cerebrospinal fluid pressure was recorded with a 1 mm. bore straight 
manometer attached to a needle in a cisterna magna. 

The venous pressure at the torcular was recorded in the following 
way. A quarter-inch trephine hole is made over the superior longitu- 
dinal sinus about a quarter of an inch in front of the point where the 
sinus enters the torcular. The sinus appears as a dark band at the 
bottom of the trephine hole. The wall of the anterior part of the 
trephine hole is then trimmed with bone forceps and made to slope. 
With the aid of a fine needle a small puncture is made into the sinus 
and a larger short bevelled needle (gauge 18) is then passed through the 
puncture hole down towards the torcular. This needle is then attached 
to a 1 mm. bore straight manometer containing a 4 per cent. solution 
of sodium citrate. Finally the trephine hole is sealed with wax. Care 
is needed‘in the choice of the needle for recording the venous pressure. 
With a-small bore needle clotting is liable to occur early, while too 
large a needle may impede the blood flow through the sinus. Weed and 
Hughson are of the opinion that obstruction to the flow of blood in the 
superior longitudinal sinus causes & rise in the pressure of the cerebro- 
spinal fluid and they consider that the absence of such a rise when a 
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needle is introduced into the sinus indicates that there is no obstruc- 
tion to the blood flow. In none of the experiments which are to be 
described was a rise in cerebrospinal fluid pressure observed to follow 
the introduction of the needle. In any case, it is doubtful if the 
presence of a gauge 18 needle in the posterior end of the superior 
longitudinal sinus of an 8 kg. dog is likely to cause an obstruction of any 
consequence. In order to diminish the risk of clotting the following 
precautions were taken: (1) the needle used for recording the pressure 
was short bevelled and blunt so as to reduce the risk of injuring the 
sinus endothelium. (2) Previous to insertion the needle was carefully 
dried with absolute alcohol and ether and then heated for about ten 
minutes in liquid paraffin. (3) The manometer contained a 4 per cent. 
solution of sodium citrate. With careful attention to detail the risk of 
clotting can be considerably reduced. 

Although various degrees of increased intercranial venous pressure 
can be brought about very conveniently by tying a loop round the animal’s 
neck, this method was found to be unsatisfactory for the purposes of 
these experiments. “It was soon discovered that the swelling of the neck 
which resulted from this procedure caused the constricting band to exert 
a gradually increasing pressure on the vessels of the neck. Under these 
circumstances the venous pressure at the torcular continued to rise as the 
degree of venous obstruction gradually became more complete. It was 
decided, therefore, to apply local constriction to the external jugular 
veins. In order to achieve this the veins were exposed at the level of 
the upper part of the trachea and ligatured with catgut. In acute 
experiments, when it was sometimes necessary to release the vessels 
rapidly, small clips were placed on the veins. When this method was 
employed the venous pressure at the torcular reached its maximum 
‘almost at once, although it never rose to the heights which were 
attained when a constricting band was applied to the whole neck. 

A record of the arterial pressure was obtained by means of a cannula 
in the femoral artery. The pressure was not recorded at the common 
carotid artery as it was considered desirable to avoid as far as possible 
any interference with the arterial supply of the brain. An experiment 
was not considered successful unless the systolic blood-pressure remained 
steady throughout the period of observation. Weed and Hughson [15] 
state that “ Minor slow alterations of the cerebral arterial supply as 
determined by the carotid pressure seem to have no appreciable effect 
upon the pressure of either the cerebrospinal fluid or the sagittal sinus 
tension. Marked sudden alterations in the arterial supply to the 
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structures within the cranial cavity, however, do affect the pressures 
of the cerebrospinal fluid and superior sagittal sinus—a conclusion held 
by Dixon and Halliburton and by Becht. This influence of arterial 
supply, is, however, of apparently less physiological importance than 
i8 venous pressure.” j 

In the experiments which are about to be described it was found 
that minor slow alterations in the arterial blood-pressure had normally 
little influence upon the cerebrospinal fluid and the torcular venous 
pressures. When, however, the intracranial venous pressure had been 
raised by ligation of the external jugular veins the cerebrospinal fluid 
and the torcular yenous pressures were found to be much more sensitive 
to changes in the arterial blood-pressure. It was necessary, therefore, 
to have a continuous record of systemic blood-pressure in all experiments 
dealing with the effect of raised intracranial venous pressure upon the 
pressure of the cerebrospinal fluid. 


(1) The normal relation of the tntracranial venous pressure and the 
cerebrospinal fluid pressure. $ 


Table I is a record of the torcular venous pressure, the cerebrospinal 
fluid pressure and the arterial pressure at the femoral artery in fourteen 
dogs. ‘The pressures were recorded simultaneously and were obtained 


Taste I.—Tun RELATION OF THE ORREBROBPINAL FLUID PRESSURE AND THE 
` INTRACRANIAL VENOUS PRESBURB IN FourTEBN Dogs. 


Experiment Cerebrospinal Torcular Femoral 
No, flu venous artery 
1 95 60 110 
2 150 89 115 
8 185 65 90 
4 180 80 180 
b foo 85 ' 190 
6 110 50 115 
7 125 70 105 
8 120 60 95 
9 135 110 105 
10 90 20 115 
11 100 75 125 
12 120 65 105 
18 110 80 100 
l4 125 80 185 


The cerebrospinal fluid pressure is recorded in millimetres or normal saline solution and 
the torcular venous pressure in millimetres of 4 per cent. sodium citrate solution. 


during the initial control period of experiments for different purposes. A 
pressure reading was recorded only when the excursion of the column of 
fluid in the manometer was of normal amplitude and remained reason- 
ably steady for not less than ten minutes. It will be observed that in 
these experiments the venous pressure at the torcular never exceeded 
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that of the cerebrospinal fluid. Considerable variation in the height of 
the venous pressure was observed from animal to animal. In three 
experiments it was found to be less than 40 mm. of a 4 per cent. solution 
of sodium citrate. There was no reason to believe that these low readings 
were the result of errors of technique for in each instance the excursion 
of the colamn of fluid in the manometer recording venous pressure was of 
normal amplitude and the pressure rose and fell normally on temporary 
compression of the external jugular veins. 


(2) The effect of a temporary occlusion of the external jugular veins. 


Table IT is a record of the effect of ligation of the external jugular veins 
upon the pressure of the cerebrospinal fluid and the venous pressure at 
the torcular in six dogs. The cerebrospinal fluid pressure and the 
torcular venous pressure attained their maximum height simultaneously 
anda few seconds after the veins were occluded. It will be observed that 
the two pressures may rise to very nearly the same level. In some experi- 
ments, however, the level reached by the venous pressure was the higher, 


Tapia Il.—Tare Errrot or Tewreorary OCOLUSION oF THE EixTeRNAL JUGULAR VEINS 
UPON THE OBREBROSPLPINAL FLUID AND THE TorouLtar Venous PRESSURES. 


Experiment Cerebrospinal Torcular Femoral 
No. fluid venous artery 
la 965 60 110 
b 210 195 110 
2a 150 89 115 
b 230 210 115 
3a 185 65 G5 
5 255 270 g0 
4a 180 80 190 
b 230 280 180 
5a 100 35, 120 
b 200 195 120 
184 110 80 100 
b 190 210 100 


a, Pressures before occlusion. b, Pressures after occlusion. The cerebrospinal fluid 
pressure is recorded in millimetres of normal saline solution and the toroular venous pressure- 
in millimetres of 4 per cent. sodium citrate solution. 


while in other experiments the cerebrospinal fluid pressure exceeded 
the venous. The average proportion of the venous increase of pressure 
which was reflected in the pressure of the cerebrospinal fluid was 61 
per cent. This figure is identical with that obtained by Becht [1]. 
Occlusion of the external jugular veins was usually found to have no 
influence on the femoral arterial pressure. Occasionally, however, it 
was accompanied by a slight but temporary fall of blood-pressure. On 
release of the jugular veins the cerebrospinal fluid pressure and the 
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venous pressure at the torcular returned to their original levels within a 
few seconds. Not infrequently, however, lower levels were first assumed 
and then the pressures rose gradually to the original level. These 
observations are on the whole in harmony with the findings of Becht [1] 
and of Weed and Hughson [15]. 


(8) The effect of prolonged occlusion of the external jugular veins. 
An attempt was now made to determine the effect of a prolonged 
occlusion of the external jugular veins. In a number of dogs the 
anesthesia was maintained for two to three hours and a reading of 
the pressures was taken at intervals of five minutes. The results of 
an average experiment are indicated in fig. 2. The cerebrospinal fluid 
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Fia. 2.—The affect of occlusion of the external jugular veins upon the cerebrospinal fluid 
pressure and the venous pressure at the toroular. The ordinates represent millimetres 
of normal saline solution or of mercury. The veins were occluded at A and released at B. 
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and the torcular venous pressures both begin to fall very soon after 
they have attained their maximum height. The cerebrospinal fluid 
pressure at first falls rapidly and then more gradually. The fall often 
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takes place in a step-like manner. A level approximating the original 
one before the veins were ligatured is usually attained after thirty to 
forty-five minutes. The pressure then remains steady or continues to fall 
somewhat below its original level. The fall in the venous pressure is 
not so rapid or complete. In this experiment it will be observed that 
by the time the cerebrospinal fluid has attained s pressure which 
reasonably corresponds to the original one before the veins were 
ligated, the venous pressure is still nearly three times its original 
height. In some experiments a much higher venous pressure was 
found at this point while in others the fall had been more rapid 
and complete. If the experiments were continued the venous pressure 
usually became steady, although at a variable height above its original 
level. It will be observed that in this experiment the cerebrospinal fluid 
pressure had attained its original level after forty-five minutes, although 
the venous pressure was not less than three times its original height 
during almost the whole of this period. The external jugular veins 
were released one hour and a half after ligation. It will be noticed that 
the cerebrospinal fiuid and the torcular pressures both fell at once to very 
low levels and that the pressures then rose gradually towards their 
original levels. On cessation of the experiment thirty-five minutes 
later, the venous pressure had attained its original level while the 
cerebrospinal fluid pressure was approximately half its original 
height. 

To summarize, it would appear that the rise in cerebrospinal fluid 
pressure and in the venous pressure at the torcular which follows ligation 
of the external jugular veins is of temporary duration. The cerebro- 
spinal fiuid pressure has usually returned to its original level after thirty 
to forty-five minutes. It is noteworthy that this fall often takes place 
while the venous pressure is several times its original height. The fall 
in the venous pressure is not so rapid and is often incomplete after 
several hours. Release of the veins is always followed by a sudden fall 
of both pressures to very low levels and by a gradual return towards the 
original level. 


IIL.. TuE EFFECT oF OBSTRUCTION OF THE LATERAL SINUSES UPON 
THE PRESSURE OF THE CEREBROSPINAL FLUID. 


Having determined the effect of ligation of the external jugular 
veins upon the pressure of the cerebrospinal fluid and the venous 
pressure at the torcular, it was considered desirable to devise if possible 
some method by which the torcular venous pressure could be raised and 
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maintained at a higher level than that which follows ligation of these 
vessels, In the hope of achieving this it was decided to occlude the 
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Fria, 8.—The effect of occlusion of the lateral! sinuses upon the cerebrospinal fluid pressure 
and the venous pressure at the torcular. The ordinates represent millimeters of normal 
galine solution orof mercury. The lateral sinuses were occluded at A. i l 
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lateral sinuses midway between the torcular and the point at which they 
are joined by the basal veins (see fig. 1). 
Hapervmental technique.—The bone over the inner third of a lateral 


sinus was exposed by reflecting part of the temporal muscle. A 
BBRAMM--VOI. LVI. 80 
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quarter-inch trephine hole was then ‘made over the lateral sinus about 
‘half an inch external to the torcular. The trephine hole was made in 
such a way that it did not extend below the lower border of the sinus. 
If this precaution were not taken subtentorial bleeding.was very liable 
to occyr. It was desirable, if possible, to expose the sinus without 
opening it and to occlude it by compressing with wax. By this means, 
the risk of clotting was greatly reduced. Often, however, the sinus 
was unavoidably injured by the trephine and it was necessary to occlude 
it by introducing wax intothe lumen. The anterior wall of the lateral 
sinus in this part of its course is usually ossified and with ordinary care 
it is easy to avoid compressing the brain with the wax. Obstruction of 
one sinus alone had little influence on either the venous or the cerebro- 
spinal fluid pressures. On terminating an experiment a careful post- 
mortem examination was made to verify the position and the extent of 
the obstructing mass. It was also necessary to determine to what 
‘extent clotting had occurred and to exclude the presence of intracranial 
hemorrhage. 

The results of a fairly typical experiment are illustrated in fig. 8. 
It will be observed that although the rise in the pressure of the cerebro- 
spinal fluid which follows obstruction of the lateral sinus only slightly is 
above the level obtained when the external jugular veins are ligatured, 
the torcular venous pressure rises to @ much higher level. In this 
experiment only 38 per cent. of the venous rise in pressure is teflected 
in the rise of cerebrospinal fluid pressure. The average finding for six 
experiments was 42 per cent. This contrasts with the finding after 
ligation of the external jugular veins when 61 per cent. of the venous 
rise of pressure was found to be reflected in the cerebrospinal fluid 
pressure rise. On the whole the general character of the rise and the 
fall in the pressures resembles that which follows ligation of the external 
jugular veins. In this experiment the cerebrospinal fluid pressure has 
returned to a level within 5 mm. of the original level forty minutes after 
the sinuses have been occluded. At this time the torcular venous 
pressure is still five times its original height. 

To summarize, it would appear that: (1) The pressure changes 
which follow occlusion of the lateral sinuses bear a general resemblance 
to those which follow ligation of the external jugular veins; (2) although 
the rise in pressure of the cerebrospinal fluid is only slightly higher than 
that which follows ligation of the external jugular veins, the rise in 
venous pressure is much greater. A smaller percentage of the venous 
rise of pressure is reflected in that of the cerebrospinal fluid; (8) the 
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cerebrospinal fluid pressure has generally returned to its original level 
after thirty to forty-five minutes although the venous pressure may still 
be several times its original height. 


* 


DISOUSSION. 


_ Tt would appear from these experiments that the increase in the 
cerebrospinal-fluid pressure which follows occlusion of the external 
jugular veins or of the lateral sinuses of the dog is a temporary 
phenomenon. When the cerebrospinal-fluid pressure has returned to 
its original level, the torcular venous pressure is still frequently several 
times its original height. This is most evident when the lateral sinuses 
have been obstructed. In these experiments a normal cerebrospinal- 
fluid pressure was frequently found to be present, while the torcular 
venous pressure was five or more times its original height. The sudden 
rise of cerebrospinal-fluid pressure which follows venous obstruction ig, 
as has already been indicated, generally regarded as being due to the 
direct influence of the raised intracranial venous, pressure upon the 
cerebrospinal-fluid pressure, and is not considered to provide evidence of 
increased cerebrospinal-fluid formation. The experiments which are 
now under consideration would appear to indicate that a high torcular 
venous pressure of several hours’ duration is not followed by an increased 
formation of cerebrospinal fluid. The great vein of Galen is the main 
route by which blood leaves the choroid plexuses of the lateral and of 
the third ventricles. The great vein of Galen terminates in the straight 
sinus, which in turn passes its blood directly into the torcular. Although 
it is impossible to be certain of the effect of pressure changes at the 
torcular upon the capillary «pressure of the choroid plexuses, it is 
probable that they are closely related. These experiments would seem 
to indicate that the formation of cerebrospinal fluid is uninfluenced by 
changes in the venous pressure of the Galenic system, and to favour 
the view that the process is a true secretion rather than s simple 
filtration. More evidence is necessary, however, before such a conclu- 
sion can be accepted. It might also have been expected that the raised 
intracranial venous pressure would possibly have interfered with the 
absorption of the cerebrospinal fluid if this phenomenon is normally one 
of simple filtration through the cerebral villi. It is obvious, however, 
from a consideration of the anatomy of the intracranial venous system of 
the dog that in these experiments the degree of congestion must have 
been most intense in the superior longitudinal sinus and in the Galenic 
system. The average duration of the experiments was from two to three 
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hours; if, however, it had been possible to continue them for longer 
periods, it is conceivable that results of a different type might have been 
obtained. 

As regards the cause of the fall in the pressures,.it would seem 
probable that the venous pressure falls mainly on account of the develop- 
ment of collateral circulation, and this is responsible indirectly for part 
of the fall in the pressure of the cerebrospinal fluid. The occurrence, 
however, of a normal cerebrospinal-fluid pressure in the presence of a 
torcular venous pressure which is several times its original height, and 
also the phenomena observed when the external jugular veins are 
released after an obstruction of several hours’ duration, would seem to 
suggest that there has been an actual decrease in the total volume of 
cerebrospinal fluid. The greatest caution must, however, be exercised 
in attempting to interpret intracranial pressure changes in terms of 
intracranial volume changes, and until it is possible to employ in these 
éxperiments a method capable of recording changes in intracranial 
volume, the interpretation of these findings must remain mainly 
speculative. ° 

These experiments do, however, appear to have established that: 
(1) The rise in cerebrospinal-fiuid pressure which follows obstruction of 
the external jugular veins or of the lateral sinuses is a temporary 
phenomenon, and (2) an abnormally high torcular venous pressure is 
compatible with a normal cerebrospinal-fluid pressure. 


SUMMARY. 


(1) The available literature relating to the influence of increased 
intracranial venous pressure upon the pressure of the cerebrospinal fluid 
is reviewed. 

(2) The anatomy of the intracranial blood-sinus system of the dog 
is described. 

(3) The effect of a temporary ligation of the external jugular veins 
and also of a ligation of several hours’ duration upon the torcular venous 
pressure and the cerebrospinal-fluid pressure is investigated. 

(4) The effect of occlusion of the lateral sinuses is also investigated. 

' (5) It is concluded that a torcular venous pressure which has been 
artificially raised to several times its normal height is not accompanied 
by any sustained change in the pressure of the cerebrospinal fluid in the 
course of the next two or three hours. 

My thanks are due to Mr. S. L. Prescott for assistance during some 
of the experiments, and to Dr. N. Shtetinin for the drawing. 
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VASODILATATION AND VASOCONSTRICTION IN RESPONSE 
TO WARMING AND COOLING THE BODY: A STUDY 
IN “PATIENTS WITH HEMIPLEGIA.? 


BY V. UPRUS (TARTU), J. B. GAYLOR (GLASGOW), D. J. WILLIAMS 
(MANOHESTER), AND E, ARNOLD OARMIOHAEL. 


IN a previous paper attention was drawn to the necessity for 
observing vasoconstriction rather than vasodilatation as an indication 
of the functional capacity of the sympathetic nervous system. It is the 
purpose of this paper to describe a series of investigations appertaining 
to vasoconstriction and vasodilatation carried out on normal people and 
on patients suffering from the effects of cerebral lesions, and to discuss 
the interpretation of the results. 


METHODS AND MATERIAL. 


The method employed to produce dilatation and constriction was 
that of immersion of the indifferent limbs in tanks of warm and then 
of cold water. Simultaneous temperature readings were obtained from 
the cheeks, and the tips of the digits of the hands and feet by means of 
thermocouples. Rectal temperature was registered by a thermocouple 
inserted 5 to 6 cm. above the anal sphincter. 

Fifteen normal young post-graduates of both sexes, and twenty-two 
patients suffering from the effects of isolated lesions of the nervous 
system, were investigated. Many of these investigations were repeated, 
the technique being modified to elucidate different points. 

It is our privilege here to express our gratitude to the members of 
the honorary medical staff of the National Hospital who so generously 
permitted us to carry out these investigations upon patients under their 
care. To the many post-graduates who willingly offered themselves as 
controls we extend our thanks. | 

RESULTS. 


A. Normals.—A. study of the records obtained from the fifteen 
normal people shows that following immersion of the feet in water at 
44° to 45°C. a simultaneous rise occurred in the temperature of the 


1 Work undertaken on behalf of the Medical Researoh Council at the Research Unit, 
National Hospital, Queen Square, London, while Dr. Uprus held a Rockefeller Foundation 
Fellowship, and Dr. Gaylor and Dr. Williams Halley-Stewari Research Fellowships, 
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corresponding fingers. Likewise when the arms were immersed in the 
warm water the rise in temperature of the toes was simultaneous and 
equally rapid (fig. 1). On immersing one arm or leg, the temperature 
of the finger roge before that of the toe. The time interval between the 
two varied from four to seventeen minutes. Irrespective of the limbs 
under investigation, the rise in temperature of the cheeks always pre- 
ceded that of the limbs. In every instance no rise in temperature of 
digits or cheeks occurred before the rise in rectal temperature. 
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Fig. 1.—A. 0., normal, A, feet into water at 45° O, ; B, feet into water at 12° 0. 
Fira. 2.—F., normal. A, feet into water at 45° O. ; B, feet into water at 11:5° C, 


Fig. §.—J. L., right hemiplegia. A, feet into water at 44‘5° 0.; B, feet into water af 
11° O.; C, feat into water at 45° O, 


In five experiments with different individuals, a fall in the tempera- 
ture of the digits was observed immediately following the immersion of 
the legs in hot water. In each, the temperature of the digits was already 
definitely high. Fig. 2 clearly demonstrates this sequence of events. 
In only two experiments was a similar fall of temperature of the cheeks 
observed. The fall in temperature of the fingers was as much as 5°C. 
in six minutes. A subsequent rapid rise of temperature always took 
place. This initial fall of temperature was never observed in the feet ; 
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it should be noted that in no case was the temperature of the feet high 
at the commencement of an experiment. 

When the temperature of the digits under examination had reached 
a nearly stable high level, the indifferent limbs were transferred to tanks 
of water, at 12° to 15°C. Immediately on immersion in cold water, the 
temperature of the digits of the other limbs began to fall, and in twenty 
to thirty minutes approximately reached that of the room. Simultane- 
ously with the fall in digital temperature, there was a fall in the 
temperature of the cheeks. This was not so rapid, nor did it reach so 
low a level as that of the digits. When thermocouple readings were 
being taken from the arm and leg, the temperature of the toes fell more 
rapidly and to a lower level than that of the finger. 

Close analysis of the curves of the fallin temperature of the digits 
showed that for the first minute or two following immersion of the 
other limbs in cold water, the rate of fall was slow and then rapidly 
increased. ‘This was more easily observed in the fingers. In two ex- 
periments, the initial fall of temperature of the fingers was followed 
by a slight rise and then a subsequent and more rapid fall of tempera- 
ture (fig. 2). Synchronous rectal temperature readings demonstrated 
that the time of onset of this increased gradient or secondary decrease 
of digital temperature occurred at the same time as the rectal 
temperature began to fall. 

When adequate cooling of the digits had been registered the 
indifferent limbs were again transferred to warm water. Following this, 
the rectal temperature continued to fall for several minutes and then 
began to rise. After the rectal temperature had begun to rise the 
temperature of the cheeks and then that of the digits rose rapidly. 
In every way the curve of the skin temperature was similar to that 
following the earlier immersion in hot water. It differed, however, in 
its relationship to actual rectal temperature. In every instance the 
rise in the digital temperature occurred when the rectal temperature 
was at a lower level than on the first occasion. 

These experiments show that in,a normal individual the rise in the 
temperature of the digits of similar limbs is synchronous when the 
method of immersion is used. Again, it has been shown that the face 
warms first, then the hand, and lastly the foot. The rise in temperature 
of the digits only occurs after the rectal temperature has risen, but it is 
not dependent upon the actual rectal temperature. Following cooling, 
like digits of two limbs show a similar and synchronous fall of 
temperature. 
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HEMIPLEGIA. 


A series of twenty-two patients with evidence of involvement of 
either the motor or sensory functions of one hemisphere were investi- 
gated. Of these twenty-two cases, thirteen had vascular lesions and 
nine tumour growths. The age of the lesion was from 6 days to 104 
years. Cases with lesions situated in each lobe of the hemisphere were 
examined. Further, patients with cortical and deep lesions were 
studied. The degrees of dysfunction varied from slight disturbance to 
an apparently complete loss of function. For instance, the motor 
defect varied from slight to practically complete loss of voluntary 
movement; sensory disturbance was minimal in some, and very con- 
siderable in others. Many cases were examined on more than one 
occasion, and patients with cerebral tumour were frequently tested 
before and after operation. 

It was found in this series of cases and on repeated investigations 
on the same patient that there was no constancy in the temperature 
differences of the two sides. In several cases with gerebral lesions, the 
affected side was higher in temperature one day, to be lower than the 
normal on the next. 

Following immersion of the indifferent limbs in tanks of warm 
water, the temperature of the digits of the two arms or two legs rose 
simultaneously, and equally rapidly, to reach a maximum in a few 
minutes. In no case was any delay encountered in the affected limb, 
nor did the rise of temperature of that limb precede that of the normal. 
In all cases the rise of temperature of the digits followed the rise in 
temperature of the rectum (fig. 3). 

After adequate warming of the digits had occurred, the indifferent 
limbs were placed in cold water. Following this procedure the observa- 
tions made were similar in every way to those in the series of normals. 
If records were obtained from the fingers, those of both hands cooled 
equally rapidly (fig. 8). Three exceptions were found to this. In these, 
compared with those of the normal side, the digits of the affected hand 
cooled less rapidly, and in a more irregular manner (fig. 4). -Observation 
showed that in each of these cases the affected limb was spastic, and 
that during the time of cooling there was adduction of the arm with 
flexion of the fingers and wrist. The irregularity of the fall in the 
digital temperature on the affected side took place when the limb was 
moved. In such cases the digits of the lower limb showed a fall in 
temperature which was equal and regular on the two sides. No altera- 
tion in posture of the lower limbs took place during the cooling. 
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A low temperature of the digits having been produced, the limbs 
immersed in the cold water were transferred to water at 44° to 45°C. 
Following this, after the rectal temperature had begun to rise, the 
temperature of the digits again rose—that of the fingers eng toes of 
each side together. 


Fig + 








Minutss 


Fic, 4.—E. S., left hemiplegia. A, feet into water at 44'8° O. ; B, feet into water at 
125° O.; O, feet into water at 44°5° O. 


Pig. 5.—A. O., normal. A, feet into water at 48° O, ; B, water heated to 45° O. ; O, feet 
into water at 10° O. ; D, feet into water at 45°5° O. ; E, feet into water at 12° O. ; F, feet into 
water at 45° O. Until the forty-fifth minute the arms and hands were in similar positions, 
After that the right hand was held in a hemiplegic posture, 


Fic. 6.—MoKk., paraplegia. A, legs into water at 44° O. ; B, legs into water at 18° C. 


These experiments demonstrate that, in the presence of lesions of 
the cerebral hemispheres, irrespective of site, in response to changes 
in blood temperature, the rise and fall of temperature of the digits of 
the two hands, or of the two feet, are synchronous and of similar rate. 
The only exceptions are in those cases with marked spasticity of the 
arm when the temperature of the fingers of the spastic arm falls 


irregularly. 
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The following experiment was undertaken to investigate this later 
phenomenon. As the observations suggested that the spastic alteration 
in posture produced this irregularity of fall of temperature, it was decided 
that a healthy subject should imitate the abnormal posture and move- 
ments. Fig. 5 shows the result obtained. During the first period of 
cooling the arms were comfortably supported at the side as in the 
previous experiments. Following the subsequent warming, cooling was 
again induced, and during this period of cooling the right arm was 
voluntarily placed in the hemiplegic posture. In this instance cooling 
was less rapid and more irregular than in the left finger, which was 
kept supported at the side. The final temperature of the right finger 
was warmer than that of the left. This procedure was carried out in 
three normal individuals and gave results similar to those portrayed 
in fig. 5. 


DISCUSSION. : 


These observations have shown that, with certain minor differences, 
a rise and fall of skin temperature, similar to that Seen in the normal, 
occurs in response to warming and cooling the body in patients suffering 
from hemiplegia. At the commencement of an experiment, the hemi- 
plegic limb was sometimes colder or even warmer than the normal limb. 
This variation in the temperatures of corresponding skin areas on both 
sides of the body bore no demonstrable relationship to the site or age 
of the cerebral lesion. However, there may be an apparent delay in 
cooling of the hemiplegic limb. This may be taken as indicative of 
dysfunction of the sympathetic system. Before accepting such an 
hypothesis, it is well to take other factors into consideration. 

It has been shown in these investigations that, daring the period 
of cooling, the spastic hemiplegic limb tends to adduct at the shoulder 
and to flex at the wrist and finger-joints when the motor involvement 
is severe. As result of this movement the fingers are brought closer 
together and nearer to the body. The closing of the fingers causes the 
approximation of comparatively warm surfaces, and prevents free cooling 
of these surfaces. In this way loss of heat, as indicated by a fall of 
temperature readings of the digits of the hemiplegic limb, may appear 
more slowly than in the opposite and healthy limb. Since a fall in skin 
temperature readings is indicative not only of a diminished blood flow, 
but also of the capacity of the limb to cool, it is essential to take into 
account the facilities for cooling. That the posture adopted in these 
cases during the cooling is of importance is evidenced by the experiment 
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in which a normal individual was subjected to cooling on two occasions. 
Here it was found that when the limbs were kept in a simular position, 
cooling was equally rapid on the two sides; but when one limb adopted 
the hemiplegic posture, coolmg was less rapid on that side. This 
evidence, strongly suggests that the posture, quite apart from the site 
of the lesion producing the posture, may account for the lack of 
synchronous cooling in the two limbs of a hemiplegic patient. 

When describing the investigations undertaken, attention was drawn 
to the immediate cooling of already warm limbs on placing the indifferent 
limbs in warm water. As the water was of a temperature of 44° to 45°C. 
the sensation when immersing the limbs was at first unpleasant if not 
actually painful. It is, therefore, probable that this unpleasant sensation 
produced a vasoconstrictor response which showed itself by a cooling of 
the limb under investigation. Again, 1t was observed that in one or two 
subjects the immersion of the feet in cold water was followed by an 
immediate but short-lived cooling of the hands, with a subsequent 
warming and then a very marked cooling. The second cooling syn- 
chronized with the fall in rectal temperature. The immediate cooling 
was the result of constriction produced by the sensory stimulus of cold. 
This sensory stimulus was not sufficient to keep the vessels constricted, 
and they again dilated, only to constrict when the blood temperature, 
as indicated by the rectal temperature, began to fall. That such an 
explanation is likely to be true was demonstrated by a study of what 
occurs in the hands of a patient with a complete paraplegia when the 
lower limbs are used for immersion. In such a case cooling of the upper 
limbs did not occur till the rectal temperature had begun to fall (fig. 6)- 
Thus it may be deduced that on immersing, the limbs in cold water, two 
mechanisms play a part in bringing about the cooling of the upper limbs, 
first a sensory stimulus producing vasoconstriction, and secondly a vaso- 
constriction dependent upon the fall of temperature of the blood. 
A study of the results obtained from patients with hemiplegia. shows 
clearly that both mechanisms act in the hemiplegic as in the normal 
limb. 

The work described in this paper therefore favours the view that 
lesions of the cerebral hemispheres do not in any way alter the functional 
capacity of the blood-vessels of the hemiplegic limb to constrict in 
response to a sensory stimulus or to æ fall in blood temperature; and 
secondly that, provided an adequate warming stimulus is presented, 
the blood-vessels of the hemiplegic limb will dilate as in the normal 
limb. 
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SUMMARY AND CONOLUBIONS. 


Constriction and dilatation of blood-vessels in response to cooling 
and warming the body occur in the hemiplegic limb as in the normal 
limb. Š 

Any delay in cooling the hemiplegic limb is the result of poor-facilities 
for cooling owing to approximation of warm surfaces brought about by 
posture. r 

Vasodilatation and vasoconstriction of the vessels of the limbs in 
response to warming and cooling the body are not affected in degree or 
in time of onset by lesions of the cerebral hemispheres. 
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VASOMOTOR RESPONSES IN HEMIPLEGIC PATIENTS. 


BY G. STURUP (COPENHAGEN), B. BOLTON (LONDON), D. J. WILLIAMS 
(MANOHESTER), E. ARNOLD OARMIOHABL. 


THE investigation of the responses of the sympathetic nervous 
system of man to various stimuli offers a method of analysis of the 
functional activity of this system in both health and disease. Of the 
different manifestations of sympathetic activity the vasomotor response 
provides a readily demonstrable and efficient indication of the state of 
the sympathetic system. Accordingly the vasomotor responses of 
normal subjects and of patients with diverse cerebral lesions have been 
investigated in some detail and an attempt has been made to record 
these changes accurately. 

Skin temperature readings with thermocouples, as an indication of 
vasomotor activity, are subject to many uncontrollable variables. The 
posture of a limb, the local facilities for cooling, the condition of the 
skin, the activity of the sudomotor system, and the external temperature, 
each play a determining part in such temperature readings. It has been 
deemed advisable therefore to evolve a more exact method of registering 
vasomotor activity. A recognized method of undertaking such a study 
has been by plethysmography, and the literature on the subject is 
immense. In the earlier recorded investigations plethysmographic 
records of a whole limb were obtained by means of the Lehmann (2, 3], 
or a similar plethysmograph. As muscles are included within this 
apparatus it is impossible to deduce that the volume changes observed 
are entirely the result of change in blood volume and are not in part the 
result of changes in muscle state. Other investigators have constructed 
smaller plethysmographs; Weber [6] used an ear plethysmograph, and 
Lombard and Pillsbury [4] a finger plethysmograph. Unfortunately the 
latter apparatus was too delicate to use in a study of clinical material, 
and did not permit of more than one digit being examined at a given 
time. Moreover it was found that a single subject varied in the 


1 Work undertaken on behalf of the Medical Research Council at the Research Unit, 
National Hospital, Queen Square, London, while Dr. Sturup held a Rockefeller Foundation 
Fellowship and Dr. Williams a Halley-Stewart Research Fellowship. 
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character of the responses and it was therefore suggested that this 
variability depended upon the degree of “spasm” of the sympathetic 
nervous system. Cognizant of these difficulties and criticisms, an 
attempt has bgen made to evolve a satisfactory method of investigating 
the activity of the sympathetic vasomotor fibres of man in health and 
disease. It is the purpose of this paper to describe the method used, to 
record the results obtained in normal subjects and in patients with 
‘cerebral lesions, and to discuss their interpretation. 


METHOD, 


This has been described in detail in another paper [1]. Briefly, 
a digit was inserted in a glass container moulded to the shape of the 
finger or toe. Proximally the container was sealed round the finger 
with zinc oxide paste, and distally it was connected by means of pressure 
tubing to a thistle funnel covered with a rubber diaphragm, attached to 
‘which was a mirror. By means of a beam of light reflected from this 
mirror on to a moving strip of bromide paper, a continuous record of 
the changes of volume of a digit was obtained. By erecting a battery 
of diaphragm recorders, each connected to a different digit, it was 
possible to obtain synchronous records of changes of volume from several 
digits of one limb, or from individual digits of two or more limbs. As 
the rate of recording adopted was slow, the instrumental latent period 
of less than one-tenth of a second was negligible. 

In order to ascertain if there was a quantitative difference in the 
bilateral response, a modification was introduced into the apparatus as 
originally described. The diaphragm recorders of two similar digits 
were repeatedly switched oyer in order that the possible errors caused 
by differences in the volume of air in the systems and in the tension of 
the tambours might be eradicated. Im order to equalize the pressures 
in the system a water manometer was introduced, and the systems 
equilibrated before each set of stimulations was applied. 

The subject was warmed by the immersion of one or two limbs in 
tanks of water at 44° to 45° C. in order to obtain a steady base-line 
from which to elicit responses. During this period of warming a con- 
tinuous record of the changes of digital volume was obtained. It has 
been shown previously that this method of warming produces a wide- 
spread vasodilatation. During this state of dilatation a series of stimuli 
were given and records taken. The subject was then cooled down by 
placing the indifferent limbs in cold water at 10° to 12°C. Continuous 
records were obtained during this phase of the investigation. Skin 


458 ORIGINAL ARTICLES AND CLINICAL CASES 


temperature readings were taken by thermocouples from the tips of the 
fingers and toes throughout the experiment, and alterations in rectal 
temperature were registered every quarter of a minute by a thermo- 
couple placed 5 to 6 cm. above the anal sphincter. During the initial 
control period, and after the subject had been cooled down by immersion 
of the indifferent limbs in cold water, a similar series of stimuli was 
repeated. 

The stimuli used to provoke vasomotor responses were various. 
These stimuli may be classified conveniently as extrinsic-——cold, pressure, 
pain, noise; intrinsic~deep breathing, altered blood temperature, 
visceral pain; mental activity—calculation, word association. Other 
stimuli such as the threat of injury were also used. Each stimulus was 
known to be of sufficient intensity to produce ẹ response in normal 
people. In every experiment a record of the phases of respiration was 
made by attaching a balloon to the chest. This was necessary in order 
to determine that the vasomotor response following the known stimulus 
was not the result of an alteration of respiratory rhythm. During the 
experiment the subject had his eyes closed and silence was demanded 
in the experimental room. 

It is a pleasure to record our thanks to the members of the honorary 
staff of the National ‘Hospital who kindly allowed us to carry out 
investigations upon. patients under their care. To the post-graduate 
students who offered themselves as controls we elso express our 
gratitude. 

RESULTS. 


In a study of normal people it was found that if the subject were 
kept in a warm state by immersing one or more limbs in a tank of 
water at 45° C., the volume of a digit kept nearly constant (fig. 1). 
Two to three seconds following an extrinsic stimulus, such as a noise or 
pinch, there took place a diminution in the volume of the digits under 
investigation (fig. 1). This change of volume took place synchronously 
in all four limbs and reached its maximum in six to twelve seconds ; 
the volume then returned over a period of a minute to its previous 
level. 

Before investigating normal or abnormal cases it was established by 
the following series of experiments that the diminution in digital 
volume was in fact the result of a nervous vasoconstriction. In one 
patient, who had the right brachial plexus torn across eighteen months 
previously, and 1n whom there was wasting of the muscles of that limb 
and a complete anmssthesia, tests were carried out by taking observations 
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from the fingers of both hands. Following a pinch in a sensitive area 
no diminution in the volume of the digits of the limb with the ruptured 
brachial plexus took place; in the digits of the other limbs it did occur 
(fig. 2). This demonstrated that the diminution of digital volume was 
dependent upon the integrity of the peripheral nervous system. 


+ 





Base Line 





Fig 1l 


Fra. 1.—Normal. During a period of one minute there is no variation of volume of the 
finger apart from changes associated with normal respiration. At a signal a shout was 
given with resultant marked diminution in volume of the digit. The letters to the left indicate 
the digits. RF2 refers to 2nd right finger. In this and subsequent figures the RT or LT 
refera to right or left toe. The arrow following the identification mark of the digits points 
in the direction of an increase in volume. The downstroke in the respiratory tracing is the 
inspiratory phase. All records read from left to right. 





Fie. 3.—Lesion of right brachial plexus. Pinch left arm. 


In two subjects, in whom a unilateral stellate ganglionectomy 
had been performed, no diminution in volume in the digits of the 
sympathectomized limb occurred following a stimulus. In another 
patient, who had had a unilateral lumbar ganglionectomy, there was no 
change in volume of the toes of that side following a pinch (fig. 3). 
These experiments established that the diminution in digital volume 
.was dependent upon the integrity of the post-ganglionic sympathetic 
nerve-fibres. They also established that the recorded changes were not 
the result of movement of the digit within the container. 

BRAIN— YOL., LVI. 31 


460 ORIGINAL ARTICLES AND OLINISAL CASES 


In a patient with a compression lesion of the cauda equina following 
an accident and in whom, at operation, the roots of the cauda equina 
were found to be grey, diminution in volume of the toes of both feet 
took place at the same time as that in the digits of,the upper limb 
(ig. 4). In this patient the level of anssthesia indicated that there 
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Fig. 3.—Left lumbar sympathetic Fic. 4.—Lesion of csuda equina, 
ganglion excised. Pinch right arm. Pressure of testis. 
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was no disturbance of the function of the Jower dorsal and first lumbar 
roots by which the vasomotor preganglionic fibres to the leg leave the 
cord. But there appeared to be complete interruption of the lower 
lumbar and sacral anterior and posterior roots. It was therefore 
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Fig. 6.—-Normal. Oiroulation occluded in left arm during first period, then released, Pinoh 
on right leg during and after occlusion of the circulation, 


evident that the diminution in volume of the toes was independent of the 
motor and sensory nerves, and was accounted for by the integrity of 
the preganglionic fibres in the lower dorsal and first lumbar roots. 

In three normal people the circulation in one limb was suddenly 
occluded by rapidly raising the pressure in two sphygmomanometer 
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cuffs, placed respectively on the forearm and upper arm, to over 200 mm. 
of mercury. Any stimulus sufficient to produce a diminution in volume 
of the digits with normal blood supply caused a synchronous change 
of the finger to which the circulation had been occluded (fig. 5). The 
diminution in volume of a digit was therefore not the result of alteration 
of heart output or of venous pressure. ` i 

These experiments showed that the alteration in volume of a digit, 
following an extrinsic stimulus, was dependent upon the integrity of 
the sympathetic nervous system. As the digits contain no muscle 
tissue this alteration in volume of & digit is therefore only explicable 
by an active vasoconstriction. 

A study was made of twelve post-graduate students attending the 
hospital. None had evidence of vascular disease of the extremities. 
In the dilated state and irrespective of the nature of the stimulus a 
diminution in volume of the digits of the four limbs occurred syn- 
chronously after the commencement of any given stimulus. A painful 
stimulus, e.g. a pinch, or pin-prick, either single or multiple, caused a 
response wherever the site of stimulation. A sudden noise, such as 
was made by dropping a plank on the floor or shouting, was followed 
by a diminution in digital volume. Visceral pain, caused by pressure on 
the testicle, produced a similar response. The application of ice to any 
part of the exposed body was an adequate stimulus. Deep inspiration 
also resulted in a peripheral vasoconstriction [1 ]. 

If the subject were given some mental exercise, such as the multi- 
plication of two figures, a diminution in volume of the digits took place 
in all four limbs. Again, word association resulted in a diminution in 
volume. The threat of injury, for example the threat of a blow on the 
face, was followed by a similar alteration in volume. All forms of 
stimuli resulted in synchronous vasoconstriction of the peripheral blood- 
vessels of the four limbs. The fall in finger volume did not immediately 
follow the stimulus. In every case there was a latent period which was 
never found to be less than one and a half seconds or more than three 
and a half seconds. It was the rule to find a sharp diminution in finger 
volume two and a half to three seconds after the stimulus was applied. 
When the stimulus was instantaneous and could be recorded with a 
fair degree of accuracy, such as a sudden loud noise or sharp pin-prick, 
the latent period was remarkably constant, being within two and a half 
to three seconds. With an intrinsic stimulus, such as a deep breath, it 
was impossible to ascertain the latent period, as it was not known at 
what time the stimulus, i.e. the degree of inspiration, had become 
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adequate. Even here, however, the change in finger volume occurred 
within four seconds of the commencement of deep inspiration. 

During the course of these experiments with extrinsic stimuli several 
interesting observations were made. For instance, when forceps were 
laid on the skin without an actual pinch being made, a diminution in 
volume of the digits occurred. Upon holding the forceps there, and 
then giving a series of pinches at a time interval of thirty to forty-five 
seconds, diminution in volume occurred with the first pinch; but with 
succeeding pinches this gradually grew less, eventually ceasing to occur 
after the fourth or fifth stimulus. This was observed even though the 
last caused as much pain as the initial stimulus. If at this stage another 
stimulus, either of the same character or otherwise, were given at 
another site, widespread and well-marked diminution in digital volume 
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Fig. 6.—Normal. Pinch continued over a period of one minute. The arrows following 
L. P.2 and B. F. should point in the oppomte direction. 


resulted. When a pinch or multiple pin-pricks were continued for a 
period of a minute, during which time the subject continued to feel pain, 
a diminution in volume occurred at the commencement; gradually the 
volume returned to its original level (fig. 6). 7 

Finally, it has been shown that the diminution in finger volume 
occurred irrespective of the respiratory rhythm. This was shown in 
two ways. First, the various stimuli were unassociated with an altera- 
tion in the respiratory rhythm (fig. 6). Secondly, with the breath held, 
a stimulus, such as a pinch, caused a diminution in volume of the digit, 
which returned to its preceding level during the period of holding of 
the breath (fig. 7). 

With the subject in an initial state of vasoconstriction, further 
vasoconstriction as a result of a stimulus was difficult to demonstrate. 
Conversely, in the presence of vasoconstriction, vasodilatation would be 
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moreevident. Although further vasoconstriction could still be produced, 
no vasodilatation ever occurred following astimulus. During the period 
of increase in rectal temperature following the immersion of the in- 
different limbs,in warm water, an increase in digital volume was 
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Fre. 7—Normal, Pinch during a period of voluntary apnœs. 


observed. This dilatation commenced only after the rectal temperature 
had begun to rise. Concurrently with the increase of finger volume 
there was an increase in the amplitude of the pulse wave. Fig. 8 
shows clearly that this change is coincident with changes in the degree 
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Fig 8 


Fre. 8.—-Normal, Period of warming up. Record of change in reotal temperature and in 
volume of nght finger. 


of vasodilatation. Irrespective of the limb used for immersion, the 
corresponding digits of the other limbs dilated synchronously in 
every case. When digital temperature readings were being recorded 
simultaneously, the dilatation preceded the increase in skin temperature. 
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On transferring the indifferent limbs to water at 10° to 12° C. there 
was an immediate constriction followed by a slow dilatation. This 
lasted for one to two minutes and was then replaced by a progressive 
vasoconstriction. This later vasoconstriction succeeded the fall in 
rectal temperature by a short time interval (fig. 9). 
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Fia. 9.—Normal. Record of commencement of cooling. At the beginning of the record 
the indifferent limbs were placed in cold water. The :mmediate diminution in volume is 
seen followed by an inorease of volume of the digit. The ourve of reotal temperature is 
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HEMIPLEGIA. 


In all twenty-three patients with lesions of the cerebral hemispheres 
were examined. Of these, nine had symptoms of severe motor involve- 
ment, five of sensory involvement, four of both. Three had lesions of 
the frontal lobe, one a lesion of the occipital pole, and another of the 
temporal lobe. Fig. 10 illustrates the site of the lesion in these cases. 
Eleven patients were suffering from cerebral tumour, and ten from a4 
vascular lesion. Cortical atrophy was the cause of the symptoms and. 
signs in one patient and trauma in another. The age of the lesion varied 
from six days to twenty years. Several of those subjects suffering from 
cerebral tumour were examined before and afier operation. Care was 
taken to exclude all patients who had gross evidence of vascular disease 
of the peripheral blood-vessels. Only patients in whom an accurate 
clinical localization of the lesion in the cerebrum was possible were 
included in the series, and the diagnosis of a few was subsequently 
confirmed at autopsy. 
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In all cases symmetrical synchronous records were obtained. In 
the majority corresponding fingers were used, in others corresponding 
toes. Records were taken from digits of three and even four limbs 
simultaneously in several cases. In the latter instance the subject was 
warmed by several hot-water bottles and extra blankets. Though not 
so efficient as the immersion method for giving a steady baseline, it was 
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Fira. 10.—~Ohart of sites of cerebral lesions. 


still possible to determine the presence or absence of diminution of 
digital volume following appropriate stimuli. 

The results of these observations may be quite briefly given: for no 
matter where the site of the lesion in the hemisphere, or what the 
degree of dysfunction of motor, sensory, or of reflex activity, the results 
so obtained were identical with those from normal individuals. In those 
subjects with marked sensory disturbance on the one side, extrinsic 
stimuli applied to the affected side caused a similar response to that 
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produced by stimulating the normal side. Further, in subjects with 
severe motor involvement or in those suffering from a lesion of the 
frontal lobe, the diminution in volume of the cigits of both upper limbs 
was alike in response to the stimuli. Mental activity, fright and 
visceral pain also produced symmetrically good responses. The out- 
come of these investigations was to demonstrate that with lesions of the 
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Fia. 11.—Left frontal lobectomy. Deep breath and pinch of right arm. 
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Fria. 12,—Left motor cortex Fie. 18.—Left parietal lobe lesion. 
destroyed. Shout. Deep breath. 


cerebral hemisphere, no matter the site or the resultant severity of 
dysfunction, vasoconstriction could be produced in the fingers or toes 
of the two sides with ease and regularity equal to that in normal 
individuals (figs. 11, 12, 13). 

In twenty patients tests were carried out with the subject in a cool 
state—namely one in which vasoconstriction of the peripheral vessels 
was present. The presence of vasoconstriction was assumed by the 
temperature of the fingers, measured by thermocouples, and also by 
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plethysmographic records which illustrated the relative smallness of 
the pulse-wave in the records. During this state of vasoconstriction 
they were subjected to all the stimuli which have been described. A 
close analysis of the records failed to demonstrate any response which 
could be interpreted as indicative of dilatation. R 

Twenty subjects with a lesion of one hemisphere, who were in s 
cold state, were warmed up by placing either the legs or arms in tanks 
of water at 44° to 45° C. During this period continuous records were 
taken from the digits of the other limbs. After an irregular period of 
time, varying from three to fifteen minutes following immersion, and 
only after the rectal temperature had begun to rise, an increase of 
volume of the digits occurred, associated with an increase in the 
amplitude of the pulse-waves. The records showed that the increase in 
volume and pulse-wave amplitude occurred synchronously in the digits 
of both arms or legs. No priority or delay was ever seen in the 
dilatation of the hemiplegic limb. £ 

Lastly, after taking records while in a fully dilated state, the subjects 
were cooled rapidly by transferring the indifferent ‘limbs from tanks of 
warm water to tanks of water at 12° to 15°C. Immediately upon 
placing the limbs in the cold water a diminution in volume of the digits 
under observation took place; this was followed by a slow dilatation but 
not to the level attained before cold immersion. This period of slow 
dilatation was followed one to two minutes later by a renewed diminution 
in volume and lessening of the amplitude of pulse-wave. Synchronous 
rectal temperature readings showed that the secondary diminution in 
volume occurred at the same time as the rectal temperature ceased to 
rise and began to fall. The records obtained from patients suffering 
from cerebral lesions demonstrated that, on immersion of the other 
limbs in cold water, the vessels of the digits of both the hemiplegic 
and normal limb constricted, then dilated and finally constricted 
synchronously. No record was obtained which showed any delay in the 
healthy or hemiplegic limb. 


DISCUSSION. 


In these experiments care was taken to exclude movement of the 
recording digits and to ensure complete absence of congestion of the 
digit by pressure of the proximal end of the plethysmograph. These 
variables being absent, change in the volume of the finger could only be 
brought about by change in heart output, venous pressure, or by active 
alterations in the state of the vascular network of the digit. After 
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completely occluding the circulation of an arm by a sphygmomanometer 
pressure of 200 mm. Hg it has been shown that a diminution occurred 
in the volume of the finger after stimulation. The curve of this diminu- 
tion of volume was of the same type and had the same time relations as 
those changes produced in the presence of a free circulation. It can 
therefore be affirmed that these changes in the digital volume are 
directly produced by changes in the vascular bed—that is, by vaso- 
constriction. Experiments on patients with lesions in different sections 
of the peripheral pathways have been described. It has been shown 
that vasoconstriction in response to intrinsic and extrinsic stimuli is 
independent of the integrity of the anterior and posterior roots of the 
recording limb, but that it is dependent on the continuity of both the 
pre- and post-ganglionic sympathetic nerve-fibres. It is therefore a 
mechanism whose efferent pathway isa sympathetic nerve-fibre. Inthe 
patient with the cauda equina lesion, although stimulation of the skin 
above the level of ansesthesia caused & vasoconstriction in the affected 
limbs, stimulation of the anssthetic limbs did not produce vaso- 
constriction. Again’ in the patient with the brachial plexus injury, 
stimulation of the affected limb caused no constriction in other limbs. 
In the sympathectomized patient however, stimulation of the periphery 
of the sympathectomized limb, although causing no change in volume 
of the sympathectomized fingers, resulted in vasoconstriction in the 
normal digits of the other hmbs. This evidence points to the necessity 
of an intact sensory pathway when stimuli such as pain, cold, pressure 
were used. - 

The latent period of the vasoconstrictor response has been described 
above. The intensity and the type of stimulus applied did not appear 
to bear any relation to the latent period observed, although they did 
affect the degree of vasoconstriction. The constriction was synchronous 
in all the digits examined. 

It has been said that the subjects were examined in dilated and in 
constricted states. In the course of the experiments stimuli of all 
the types described above have been applied repeatedly in different 
ways, but when a response has been elicited it has invariably been a 
vasoconstriction. 

The regional distribution of the lesions has been described. Refer- 
ence to fig. 10 shows that several regions are represented by more than 
one patient and it is our belief that the extent of damage illustrated 
is not excessive. It is therefore unlikely that any part of the motor or 
sensory areas can have escaped damage in this series. The age of 
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these lesions and the degree of motor and sensory involvement has also 
been ascertained. In the presence of such damage, with resulting 
dysfunction, no difference from the normal in the vasomotor responses 
were found in hese subjects. Both the time relationships and degree 
of vasoconstriction were unchanged. As has been pointed opt above, 
the vasodilatation and vasoconstriction in response to alterations in 
blood temperature were identical in the normal and hemiplegic side. 

In a paper [5] dealing with skin temperature readings it has been — 
shown that in hemiplegia no consistent difference in the initial skin 
temperature could be found between the two sides. The alteration in 
skin temperatures in response to changes in blood temperature was 
similar. It was shown further that the skin temperature of the hem1- 
plegic side might be influenced by posture and bere no relation to the 
age of the lesion. These conclusions are confirmed by the results of 
the present paper. It can be affirmed that these investigations provide 
evidence that, in the presence of lesions of the cerebral hemisphere, the 
vasomotor control of the limbs is unaffected. 


e 


CONCLUSION. 


No abnormality of the vasomotor responses in the limbs has been 
found in the presence of lesions of the human cerebral hemisphere. 


BIBLIOGRAPHY. 


[1] Borron, B., CARMIOHAEL, E. A. and STURUP, G. Journ. Physeol. (In press.) 

[2] Imumann, A. “Die korperlichen Ausserungen psychisoher Zustande, 1899, vol. i, 
Leipzig. 

[8] Idem. ‘' Die Hauptgesetze des menschlichen Gefuhisleben,’’ 1914, Leipzig. 

[4] Lomparp, W. P., and Prnussuay, W. B. Amer Journ. Phystol., 1899, ili, 186. 

[5] Uprus, V., Gayton, J. B., Wruniams, D. J., and OARMICBRABI., E. A. Bram. (In 
this number.) 

[6] WEBER, E. (1910). “Der Einfluss psychischer Vorgange auf den Körper, insbesondere 
auf die Blutvertellung,’’ Berlin, l 


470 


# 


MYOGRAPHIC AND ELECTROMYOGRAPHIC STUDIES OF 
MYASTHENIA GRAVIS.* 
BY DONALD B. LINDSLEY.? 


MYASTHENIA gravis is @ condition characterized by marked muscular 
weakness and excessive fatiguability, particularly in the muscles inner- 
vated by the cranial nerves. In such cases chewing, swallowing, keeping 
the eyes open, holding the head erect and speaking are difficult. The 
weakness and fatiguability often extend to the rauscles of the limbs and 
trunk so that the patient not only experiences difficulty in breathing, 
but also in maintaining his general welfare. 

Little is known about the cause or exact nature of this disorder. No 
consistent and definite pathology of either the peripheral or central 
nervous system has been demonstrated. Minor anatomical changes 
occasionally found in the muscles are probably not of primary signifi- 
cance. During the past few years, reports by Boothby [1], Remen [2] 
and others on the beneficial results of glycine treatment have pointed to 
& disturbance. of creatine and creatinine metabolism in myasthenia 
gravis. Nevin [3], however, in a recent study of the phosphorus- 
holding compounds of muscle in myasthenia gravis, found them normal 
and concluded that there is no abnormality in the intrinsic chemical 
mechanism of muscular contraction in this disorder. He believes that. 
alterations in creatine metabolism are secondary effects of the disease. 
Simon [4] has recently reported marked improvement in two cases of 
myasthenia gravis following treatment with anterior pituitary extract. 

The view that the transmission of excitation is somehow impaired 
in the region of the ‘‘ myoneural junction” has arisen partly because of 
the exclusion of other factors, and partly because of Edgeworth’s [5, 6] 
discovery that ephedrine is of value in the treatment of this disorder. 
Recent success in temporarily relieving myasthenic symptoms with 
physostigmine [7,8] and the synthetic drug, Prostigmin [9, 10, 11, 12, 
13, 14], has materially strengthened this view. l 


' From the Departments of Neuropathology and Physiology, Harvard Medical School, and 
the Neurological Service of the Massachusetts General Hospital. 


4 National Research Council Fellow. 
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The present study is a part of a general programme of investigation 
of neuro-muscular disorders by electromyographic methods, and makes 
use of a technique for studying the electrical potentials of single motor 
units (groups of muscle fibres innervated by single neurones). Adrian 
and Bronk [15] first demonstrated that electrical potentials from the 
smallest functional unit of the neuro-muscular system, a group of muscle 
fibres and its controlling motor neurone, could be obtained from an 
intact human muscle by means of coaxial needle electrodes inserted into 
the muscle. Adrian [16], Smith [17] and Lindsley [18] have since 
described in some detail the characteristics of the responses of single 
motor units in normal human muscles. 


APPARATUS AND METHOD. 


The apparatus consisted of a six-stage transformer-coupled amplifier,! which 
drove either a loud speaker or a Du Bois oscillograph. The electrodes were of 
the coaxial type, consisting of a hollow steel hypodermic needle which served 
as a ground lead and a fine insulated wire cemented into its lamen which 
served as a grid lead. ‘ 

When myographic records were made in response to electrical stimulation 
_ of the ulnar nerve, an isometric myograph was used. The arm of the subject 
was tightly bound, volar side down, to a splint-board in such a manner that 
the entire forearm and hand were immobile with the exception of the fifth 
finger, which extended over the edge of the board. The finger was enclosed in 
a snug aluminium thimble so that flexion could occur only at the metacarpo- 
phalangeal joint. The thimble was attached to the myograph lever and was 
flanked on each side by two vertical uprights which prevented the finger from 
moving sideways when it flexed. 

The stimulating electrodes consisted of brass plates covered with canton 
flannel soaked in saturated NaCl solution. The small electrode (1 by 4 cm.) 
was bent to fit the curvature of the arm and was securely attached just proximal 
to the internal condyle of the elbow-joint and slightly medialward where it 
was found to stimulate the ulnar nerve most effectively. The large electrode 
(5 by 5 om.) was attached to the calf of the opposite leg. Maximal stimulating 
shocks were provided by discharging through the subject a 1 4F condenser 
charged to 16 volts. A rotary interrupter afforded various stimulating 
frequencies. 

DESCRIPTION OF CASES. 


Oase 1.—A male, aged 18, was admitted to the neurological service of the 


Massachusetts General Hospital in June, 1932. Fatigue and weakness had 
been noticed for ten months, although previously he had been as strong and 


. \ An amplifier of this type distorts the wave form of the action potential appreciably, but 
is perfectly adequate for studying the responses of single motor units so far as rhythm and 
amplitude are concerned. 
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active as other boys. He could walk only about 200 yards; could climb but 
one flight of stairs; fell often when he walked and could not get up alone; 
experienced difficulty lifting extremities; had trouble elevating self from a prone 
or supine position; felt drowsy and lethargic at times; experienced difficulty 
in chewing and swallowing. ë 

Physical examination revealed generalized muscular weakness without 
apparent atrophy; bilateral ptosis, more marked on the right; right facial 
weakness; external ophthalmoplegia; difficulty swallowing a thick barium 
meal; chest examination (thymus) normal; typical Jolly reaction in all 
muscles on faradic stimulation. 

He improved slightly with ephedrine, and continued taking it in doses of 
from 1 to 3 gr. daily for a year. When ephedrine was stopped for a week he 
became worse. There were partial remissions and exacerbations, but when 
seen in the out-patient department in September, 1933, his condition was the 
same as on first admission. In October, 1983, he was again admitted to the 
hospital. There was still marked ptosis on the right, but his facial expression 
was slightly improved. Respiration was weak and shallow. He fatigued 
quickly upon alternate supination and pronation of hands. The extensors of 
the leg and the sterno-cleido-mastoids were especially weak. He reported that 
the hand, arm and jaw muscles became tired soon after a meal was begun. 

He has continued to take ephedrine sulphate until the present time with 
some beneficial effect. In December, 1934, he was given 30 grm. of glycine 
daily with ephedrine. He continued this for one month without greater benefit 
than when ephedrine was‘taken alone. At present he is not able to climb more 
than one flight of stairs or walk but a short distance. He cannot raise his 
arms to the level of his shoulders. Grip on a hand dynamometer is between 
5 and 8 kg. An intravenous injection of benzedrine sulphate (10 mgm. in 
30 o.c.) had no beneficial effect. Prostigmin, on each of several occasions, has 
relieved practically all symptoms for a few hours. 


Case 2.—Male, aged 64, admitted to neurological ward of Massachusetts 
General Hospital in November, 1934. The chief complaints were: difficulty 
in speaking and swallowing, dating from eighteen months, but with remissions 
during past sixteen months; regurgitation of liquids and an inability to bite 
and chew solid foods; difficulty in spitting and in holding the head erect; 
choking sensations and inability to breathe at times. There was no difficulty 
in writing and no marked weakness of limb or trunk muscles. Ephedrine was 
given from November 9 to 20 with improvement, the patient feeling considerably 
stronger. Ephedrine was omitted for one day with immediate return of 
difficulties in speech and swallowing. Ephedrine 15 gr. and glycine 30 grm. 
daily, have been taken during the past five months with marked improvement 
of strength in face, neck and jaw muscles. However, the patient still has 
some difficulty swallowing rapidly and in speaking clearly. Prostigmin 
completely relieves him of these difficulties for approximately three hours. 
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Case 3. -A female, aged 18, was admitted to the neurological ward of the 


Massachusetts General Hospital in March, 19384. Five months before entry 
ptosis of the lids appeared and diplopia shortly afterwards. She could walk 
and ‘run, but tired quicker than other children; was unable to chew food 
satisfactorily ; had almost complete ophthalmoplegia; was barely able to show 
her teeth and unable to close her eyes. The jaw muscles were weak, but the 
tongue protruded fairly well. The hand grasps were slightly weak and the 
biceps and triceps muscles were weaker than normal. No marked weakness of 
lower limb muscles was demonstrable, but she complained of weakness in her 
legs after walking or climbing stairs. The pupils weré equal and reacted well 
to light; the fandi were unchanged ; tendon reflexes were normal; there was a 
fine tremor of the extended fingers and slight ataxia: a typical Jolly reaction 
was observed in arm and hand muscles on faradic stimulation; chest X-rays 
were negative. Several trials with ephedrine, 1 to 5 gr. daily, have proved to 
be of little benefit. Chocolate is thought by the patient to have a beneficial 
effect. Prostigmin gave complete relief for a few hours. 


Case 4.—A female, aged 15, first noticed difficulty in speaking five months 
before admission to the Massachusetts General Hospital in March, 1935. 
When speech was continued for a few minutes it became thick and unclear. 
One month later she noticed difficulty in swallowing, especially at the end of 
a meal. The difficulties in speech and swallowing have gradually grown worse. 
On admission she was able to read aloud only three or four minutes before 
becoming inarticulate. There was drooping of the eyelids and weakness of the 
facial muscles of expression. Regurgitation of liquids through the nose occurred 
at times. The muscles of the limbs were not weak but often felt tired. Her 
condition was always worse at the end of the day. Prostigmin temporarily 
improved her speech and facial expression very markedly. 


MyoGRAPHIO AND HLECTROMYOGRAPHIO EXAMINATIONS. 


When coaxial needle electrodes were inserted in the affected muscles 
of the four patients and responses of single motor units recorded during 
voluntary contractions, obvious differences were noted between the 
records and those obtained from the muscles of normal human subjects. 
The game regular rhythm was apparent, but there were wide variations 
in the amplitude of the single motor unit responses, which are not 
characteristic of the records obtained from normal human subjects 
(fig. 1). With the early onset of fatigue in myasthenia gravis, even 
during weak contractions, the amplitude of the repetitive responses of 4 
single motor unit becomes more variable and the unit often completely 
fails to respond, without in any way altering the fundamental rhythm. 

Fig. 2 shows typical examples from a series of records obtained at 
ten second intervals from the rectus femoris muscle of Case 1, during 


— 
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Fie. 1.—Typical single motor unit responses from normal homan muscles during 
voluntary contraction, showing the regular rhythm and uniform amplitude. (A) from rectus 
femoris muscle showing two units at slightly different frequencies; (B) from tiblalis anticus 
muscle. Time intervals at bettom of each record equal 0'028 ses. 
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FIG. 2.—Responses of a single motor unit from the rectus femoris muscle of a myasthenia 
gravis aln (age 1) during & weak contraction, showing she fluctuations of amplitude 
characteristic of this disorder. (A) at the start of the contraction; (B) after 40 seconds ; 
(C) after 80 seconds; (D) after 170 seconds. Time intervals equal 0'028 sec, 
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a voluntary contraction (extension) maintained as long as possible. The 
muscles’ of, this patient were all involved in the myasthenic condition, 
but the thigh muscles were particularly affected, so that he was usually 
able to maintain a contraction of this type only about two or three 
minutes before complete fatigue. The patient was sitting comfortably 
in a chair with ‘one leg hanging over a padded cross-bar, the foot just 
clearing the floor. A rigid obstruction immediately in front of the 
ankle prevented actual shortening of the muscle or movement of the leg 
when voluntary extension was attempted. The needle electrodes were | 
usually inserted to a depth of from,1 to 4 cm. and held securely in place 
by means of an adjustable holder attached to the leg. 

Record (A) of this series, taken shortly after the start of the con- 
traction, shows the rhythmic responses of a single motor unit. The 
first three responses are of uniform amplitude and do not differ from 
the normal. ‘The fourth response and also the eighth are greatly dimin- 
ished in amplitude. Record (B), obtained thirty seconds after the start’ 
of the contraction, shows further irregularity in amplitude, the second 
and sixth responses being diminished in size and the ‘seventh being just 
barely visible. Record (C), taken after 140 seconds, shows some irregu- 
larity and a general decrease in amplitude of all responses with the 
complete absence of the third and fifth responses, although the rhythm 
is maintained as if they had occurred. The final record (D), obtained 
170 seconds after the contraction began and just prior to complete 
fatigue, shows additional fluctuations of the responses and a general 
diminution of amplitude’ with absence of the fourth response. 

Case 2, in whom the myasthenia was limited to the muscles of 
bulbar innervation, showed marked weakness and fatigability of the 
muscles of mastication, swallowing and speech. The neck muscles 
were also weak. With the needle electrodes inserted in the left sterno- 
cleido-mastoid muscle while the head was voluntarily turned to the 
right against restraint, records were obtained which show the same 
characteristic fluctuations in amplitude'as in Case 1. Records were also 
obtained from the flexor digitorum sublimis muscle of the forearm 
during maintained flexion of the middle finger. This muscle was not 
noticeably involved in the weakness, and it is of interest that the single 
motor unit responses showed but very slight variations in amplitude, so 
little,in fact, that it was difficult to ERR the records from those 
of a normal subject. 

The same irregularity of amplitude of single motor unit responses 


has been observed in ners obtained from: the biceps and tibialis 
BRaIN—VOL. LYONI. 82 
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anticus muscles of Cases 3 and 4. Ina record from the biceps muscle 
of Case 3, for example, during a weak voluntary contraction, the ampli- 
tude varied considerably twenty seconds after the start of the contraction 
and also during the next sixty seconds. At the end of 90 seconds the 
unit was responding only occasionally, and many responses were com- 
pletely absent. At this point the patient was so fatigued that she could 
maintain the contraction no longer. Although in Cases 3 and 4 the 
greatest weakness was observed in the less accessible muscles of the 
face and neck, it is of interest that the records of single motor unit 
` activity in other muscles of the body show the characteristic fluctuations 
of amplitude. 

The rhythm of the single motor unit responses in all cases was as 
regular as that of normal human muscles and there were no variations in 
rhythm which correlate with the fluctuations of amplitude. Even where 
one or two responses were completely absent the regular rhythm of the 
- unit was maintained and subsequent responses appeared “on time.” 

The effect of prostugmin.— Several recent reports in the literature 
have indicated the prompt and striking effect of intramuscular injections 
of prostigmin in temporarily relieving the symptoms of myasthenia 
gravis. Prostigmin has been tried in all four cases here reported and 
found to have the same remarkable effect described by others. The 
usual doses of prostigmin (8 to 5 c.c.) with atropine qy gr. have been 
given intramuscularly. The maximum effect is reached within thirty 
minutes and usually continues for about two to three hours, depending, 
of course, upon the severity of the case, the dosage given, and the 
amount of activity indulged in by the patient. The effect has usually 
passed off completely in six hours. À 

Five minutes following an injection (5 c.c.), Case 1 reported a feeling 
of tenseness in the facial muscles, particularly around the eyes. In ten 
minutes the ptosis of both lids disappeared and a remarkable change in 
facial expression was apparent. Twenty minutes after the injection the 
patient was able to raise his arms to the level of his shoulders or above 
his head, jump off the floor, arise easily from a prone or supine position 
and perform several acrobatic feats hitherto impossible. After thirty 
minutes his grip had increased from 6 kg. with the right and 8 kg. with 
the left to 31 kg. and 33 kg. respectively. Bitting in a chair with his 
leg over a cross-bar before the prostigmin was given, he was able to 
extend the right leg toa horizontal level only twenty times and the left 
twenty-five times, whereas thirty minutes after the injection he extended 
each leg sixty times without sign of fatigue. 


E üt hours. 
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Although Case 2 improved remarkably on ephedrine and glycin e 
speech and swallowing were still affected and there was weakness of f 
and neck muscles. Following an injection of 3 c.c. of prostigmin 
atropine x09 € — thg — — wads and — practi 








glass of s ‘rapidly au abani hesitation: — 
normal, The strength of grip which was thought to be no 
the injection remained the same. The duration of the relief we 


Case 3, before an injection of prostigmin, lacked facial ‘apieeien 
and. all the muscles of the face, neck and jaw were weak. ‘There was 
almost complete ophthalmoplegia and diplopia. Speech was weak and 
indistinct. Following the administration of 3 ck. of prostigmin with 
_ atropine yg gr., these symptoms were almost entirely relieved for 
_ & period of three hours. 
| Case 4, following a similar injection, became alert and wide- awake. 
Her eyes opened wide and facial expression improved greatly. She 
was able to read aloud for fifteen to twenty minutes without any 
cifficulty, whereas before the injection she could read aloud only three 
or four minutes before speech became indistinct and impossible. She 
was able to hold her eyelids tightly closed and strongly resist attempts 
to. open them, which she had not been able to do previously. Hand 
dynamometer readings increased from 22 kg. on the right and 20- ke. 
on the left before the injection to 35 kg. on the right and 32 kg. on the 
left, forty minutes afterwards. 

Electromyographic records obtained immediately before the injection 
of prostigmin and again thirty minutes afterwards show that the single | 
motor unit responses, which were irregular and often absent before, 
were consistently present and of quite uniform amplitude after | 
_-prostigmin. These remarkable changes are shown in some typical 
records presented in fig. 3. In every case, responses of several different 
motor units obtained before prostigmin showed the typical irregularity | 
of amplitude, whereas thirty minutes after the injection responses- ofo 
single motor units in various parts of the same muscle showed 
consistent uniformity of response. e 

Pritchard |19] reported characteristic myographie tracings —— 
theée little finger of myasthenia gravis patients when the ulnar nerve 
was stimulated at various frequencies. He found, in such cases, that at — 
high frequencies (80 to 500 per second) the myograph curve, unlike i 
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Fic. 3.—Records from the rectus femoris muscle of a myasthenia gravis patient before 
ahd after prostigmin. (A) typical single motor unit responses before, showing the irregularity 
of the amplitude and complete absence of the fourth response; (B) typical record 30 minutes 


after prostigmin, showing two units of regular rhythm and uniform amplitude. Time 
intervals equal 0'023 sec® 





Fic. 4.—-Myograph curves of flexion of fifth finger in response to single shocks through 
the ulnar nerve. (A) myasthenia gravis patient before prostigmin ; (B) 30 minutes after 
prostigmin ; (C) normal subject. Ignore faint wavy line. 
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that of a normal subject, failed to maintain its initial level and the 
tension gradually diminished with continued stimulation. The higher 
the stimulating frequency, the greater the rate of diminution. This he 
interpreted as an example of Wedensky inhibition. In later communi- 
cations [10, 11] he has reported the effect of prostigmin in restoring 
the myograms of myasthenia gravis patients to normal. 

Using a very similar technique, we have obtained myographic 
records from Case 1 and a normal control. Our results agree funda- 
mentally, although not in all details, with those of Pritchard. His 
report [19], for example, indicated that for single shocks or low 
frequencies of stimulation (40 per second), the myograms in myasthenia 
gravis were essentially normal, whereas onr records (fig. 4) show that 


a er — — 
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Fig. 5,—Myograph curves of flexion of fifth finger in response to repetitive stimulation 
(80 per second) through ulnar nerve for approximately 3 seconds. (A) myasthenia gravis 

tient before prostigmin; (B) 30 minutes after prostigmin; (C) normal subject. Time 
intervals at top of record equal 0-10 sec. Ignore faint wavy line. 


the response to single maximal shocks before prostigmin (A), was much 
smaller than the response thirty minutes afterwards (B), or than that 
of the normal subject (C). It is obvious that prostigmin substantially 
increased the amount of tension developed in response to a single shock. 
Likewise, with frequencies of stimulation as low as 10 per second, the 
level of the myograph curve was in every case substantially increased 
by prostigmin. With higher frequencies of stimulation (80 to 480 per 
second) we have found that the myograph curve of the myasthenic 
patient resembles those described by Pritchard. Fig. 5 shows records 
obtained from the myasthenic patient before and after prostigmin and 
from the normal subject, using a stimulating frequency of 80 per second. 
Before prostigmin was given the myograph curve (A) rose to an initial 
maximum which was not maintained and although stimulation was 
continued for approximately three seconds, the curve gradually fell to 
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a considerably lower level. On the other hand, thirty minutes after the 
injection of prostigmin the myograph curve (B) reached a much higher 
initial level and maintained it fairly well throughout the course of 
stimulation. The curve decreases slightly, but very clesely resembles 
the curve (C) from the normal subject. The ‘“myograph curve of the 
normal subject maintains a level plateau during continued stimulation at 
this frequency. We have found, however, that at higher frequencies 
of stimulation (330 to 480 per second) the normal myograph curve fails 
tp maintain its initial height and falls to a slightly lower level, which it 
maintains during the course of continued stimulation. The curve of the 
myasthenia gravis patient, in response to these higher frequencies, 
reaches an initial maximum which is less than the normal and rapidly 
descends to its base-leyel. Following prostigmin, however, the curve is 
similar to that of the normal subject. 


DISCUSSION. 


The fact that tħe motor unit in myasthenia gravis maintains its 
regular rhythm, whether its electrical response is a fraction of its original 
amplitude or entirely absent, indicates that the motor neurone. is func- 
tioning normally and conveying a regular succession of impulses to the 
muscle. Therefore failure of response must be due to a blocking of the 
transmission of excitation at the ‘‘ myoneural junction ’’, or toa prolonged 
recovery period of the muscle. The latter could hardly be the case, 
since in fig. 1 the frequency of the response is 10 to 13 per second, 
which would allow from 75 to 100 milliseconds between responses for 
recovery. In addition, a full-sized responge often occurs immediately 
following one of diminished amplitude without change in the duration 
of the interval between responses. 

The characteristic irregularities of amplitude of the action potentials 
of the single motor unit and the associated weakness and fatiguability of 
the muscles are therefore due to the failure of the nerve impulse to 
excite some or all of the muscle fibres controlled by the motor neurone. 
If the neurone sends branches to one hundred or more muscle fibres 
which compose a unit 20, 21], irregularity in amplitude would seem to 
result from a blocking of excitation to a variable number of the muscle 
fibres supplied by the neurone. This would also result in a similar 
variation of tension. 

Following the administration of prostigmin (an analogue of eserine), 

the action potentials are restored to a consistently uniform height along 
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with the return of normal strength. Likewise, the myograph curves 
of tension in response to single and repetitive shocks through the ulnar 
nerve show a substantial increase after prostigmin. Since it has been 
shown that eserine prevents the inactivation of acetylcholine by blood 
esterase [22, 23, 24], the above results strongly suggest that acetyl- 
choline or a related choline ester plays an important part in the trans- 
mission of excitation at motor nerve endings in skeletal muscle. 

In view of the many investigations (see Dale [25, 26]) which are 
rapidly supplying evidence of chemical mediation of excitation both at 
ganglionic synapses and at sympathetic and parasympathetic nerve 
endings on smooth muscles and glands, it is not surprising that this and 
other studies [27] point to a similar mode of excitation at motor nerve 
endings in voluntary muscle. 


SUMMARY. 


(1) Action potentials from single motor units of the affected muscles 
of four myasthenia gravis patients showed abnormally marked fluctua- 
tions in amplitude. 

(2) The persistence of a regular rhythm of the single motor unit 
responses, although wide variations in amplitude occurred, indicates that 
the nerve is functioning normally and sending a regular succession of 
impulses to the muscle. 

(3) Myograph curves of flexion of the fifth finger in response to 
stimulation of the ulnar nerve with single and repetitive shocks showed 
diminished initial tension which rapidly decreased with continued 
stimulation. ° 

(4) Following intramuscular injection of prostigmin the symptoms of 
weakness and fatiguability temporarily disappeared, the action potentials 
were restored to a uniform height and the myograph curves became 
practically normal. 

(5) These results are interpreted as strongly suggesting that acetyl- 
choline or a related substance is liberated at motor nerve endings and 
takes part in the transmission of nerve impulses to voluntary muscles. 


My thanks are due to Dr. Stanley Cobb and Dr. Hallowell Davis for 
affording facilities for this work and for offering advice and criticism. 
I am indebted to Dr. James B. Ayer for the privilege of using cases from 
the neurological service. 
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THE PERIPHERAL NERVES IN CASES OF SUBACUTE 
COMBINED DEGENERATION OF THE CORD. 


BY J. G. GREENFIELD AND E. ARNOLD OARMICHAEL, 


(From the Pathological Laboratory and Research Unit, National Hospital, Queen Square, 
London.) à j 


It has been suggested by many writers that some of the symptoms 
of subacute combined degeneration might be due to lesions in the 
peripheral -nerves. But microscopical proof of.the presence of such 
lesions has never been conclusive, although degenerative changes have 
occasionally been observed. Thus Russell, Batten and Collier found 
“ very considerable, degeneration both by the Marchi and Weigert-Pal 
method” in the nerve to the vastus internus muscle in their Case 1, 
and “some degeneration in the left sciatic and left anterior crural nerves, 
and more in the left than in the right phrenic nerve” in.their Case 2. 
Von Noorden found considerable degeneration of the tibial nerves 
though not of the crural nerve in one case, and Mathieu reported & 
case in which the myelin sheaths of the sciatic nerve were beaded. 
Hamilton and Nixon made a careful study of the anterior tibial nerves 
in their cases by the Weigert, Marchi and Bielschowsky methods. 
They found definite degeneration by the Marchi method in six, and by 
the Weigert-Pal method in four of their cases. On the other hand, 
many authors (Lichtheim; Minnich, Nonne, Burr, Boedeker and 
Juliusberger) have reported that the peripheral nerves in cases studied 
by them were normal. In view of such conflicting observations it was 
considered worth while to re-examine this question. 


METHOD AND RESULTS. 


. Peripheral nerves were obtained from a series of cases of subacute 
combined degeneration. In the early cases of this series the nerves 
were stained by Weigert-Pal, Marchi and Gros-Bielschowsky methods. 
These methods, though indicating an abnormality of the nerves in their 
peripheral branches were found to be in some ways unsatisfactory. 
The Weigert-Pal method failed to stain completely the finest myelinated 
fibres, which failure might result in a misleading appearance in a nerve 
containing a large proportion of small myelinated fibres. The Marchi 
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(Busch) method was unreliable for two reasons. First, it is well known 
that any stretching or handling of a small nerve may give’ rise to 
appearances in Marchi preparations which are almost indistinguishable 
from those of early degeneration. Secondly, it was considered unsatis- 
factory to use in chronic cases a method which only demonstrated 
progressive changes. The Gros-Bielschowsky method gave excellent 
staining of nerve fibres in celloidin sections. No definite lesions could 
be seen in nerves examined by this technique, even when the number 
of myelirf sheaths appeared to be greatly reduced in sections of the 
same nerve stained by the Weigert-Pal method. 

It was therefore decided to stain the myelin sheaths by placing the 
nerves in 1 per cent. osmic acid for twenty-four to thirty-six hours 
immediately after they were removed from the body. As it was 
considered desirable that an examination should be made of nerves 
obtained from living patients, as well as from post-mortem material, 
attention was confined to the terminal portion of the internal branch 
of the anterior tibial nerve which lies between the Ist and 2nd meta- 
tarsals. This nerve ‘was dissected out with care and a portion removed 
under local anssthesia from patients without causing any discomfort 
or disability. A piece about 2 to 3 cm. long was taken, and, after 
treatment with osmic acid, the central part was cut in paraffin, both in 
the longitudinal and transverse planes. The material examined in this 
way was taken from four cases of subacute combined degeneration of 
the cord (one at autopsy, the rest during life), two cases of alcoholic 
neuritis (one during life), and one of acute infective polyneuritis. 
Control material was taken from patients with cerebral tumour and 
cerebral arteriosclerosis dying at various ages. The diagnosis of sub- 
acute combined degeneration in the living patients was made only after 
adequate blood investigation had been carried out, such as blood-count, 
hemoglobin content and a Price-Jones curve. When a megalocytic 
anemia was found the reticulocyte response to liver therapy was tested. 
There was also in the three living patients an absence of free HC! after 
an alcohol test meal during which histamin was given subcutaneously. 

In order to determine if demyelination of a nerve bundle had taken 
place, a count of the number of myelin sheaths per square millimetre 
of nerve in transverse section was made. This was done without diffi- 
culty in photomicrographs of nerve bundles enlarged to 800 or 1,000 
diameters. A survey showed that whereas in five normals the nerve 
bundles from the nerve chosen contained from 5,000 to 10,000 myelin 
sheaths per square millimetre of cross section, counts of myelin sheaths 
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in nerves taken from cases of subacute combined degeneration were rarely 
as high as 5,000 per square millimetre, and often much below this level. 
Reference to Table I clearly shows the poverty in the number of myelin 
sheaths in the nerves obtained from cases of subacute combined degenera- 
tion. It will be seen that a similar diminution in number occurs in the 
cases of alcoholic neuritis. i 


TABLE I. 

NO. COUNTS MEAN DIAGNOSIS 
18. 2460 

2920 . 

8600 2990 Subacute combined degeneration of the cord. e 
2 W 2160 

8800 2980 Subacute combined degeneration of the cord. 
8 H 1700 : 

4650 

5000 3783 Subacute combined degeneration of the cord. 
41 8700 


5080 4965 Subacute combined degenerdtion of the cord. 
5 K. 1076 1075 Alcoholic neuritis. 
H. 


8460 8170 Alcoholic neuritis, ° 
5200 5200 Polyneuritıs. 


7870 6988 Hypernephroma. 
9 B. 5580 


9600 7704 Cerebral softening. 
10 D. 6600 


7800 7387 Hemimyoclonus. 
1l B. 6400 


8900 7760 Oerebellar tumour. 
12 FP. 7800 ý 


9050 8602 Pituitary tumour. 


On microscopical examination the nerve bundles of the cases of sub- 
acute combined degeneration showed some separation of the nerve from 
its perineurium, and the appearance of fairly wide’ clefts in the substance 
of the bundles. This was also observed in nerves from normal subjects, 
but not to the same degree. It was obvious that this might result either 
from loss of nerve tissue, or from distension of the perineurium by cedema. 
In. the latter case the reduction in the number of the myelin sheaths 
per square millimetre might be more apparent than real, although care 
was taken to exclude empty spaces under the perineurium from the 
planimetric measurements of the ares of nerve examined. 
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It was.therefore considered advisable to have some criterion other 
than the number of myelin sheaths per square millimetre in assessing 
the presence and degree of degeneration in these nerves. Accordingly 
an attempt was made to estimate the proportion of myelin sheaths of 
different sizes in this nerve obtained from cases of subacute combined 
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Fig. 1.—Ourves of the number of myelin sheaths per sq mm. in the peripheral nerves 
from normals, A; in peripheral neuritis, B; and from patients with subacute combined 
degeneration of the cord O. 

B. —.-— Case 5. 
— — Oane 6. 
— Case 7. 

C. —.-—~ Osse 1. 
— ..- Case 2, 


Ordinates represent number of myelin sheaths in hundreds. Abscisss represent size of 
fibres in u. 


degeneration and polyneuritis as well as from controls. Approximate 
measurements of the diameter of the myelin sheaths in multiples of 
læ were made, and the numbers were then tabulated according:to size. 
The proportion of myelin sheaths of each size was then calculated as a 
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percentage of those in the whole nerve bundle. These percentages, 
corrected to the number of myelin sheaths per square millimetre, were 
taken to give an approximate estimate of the number at each micron of 
diameter per square millimetre of the cross section of the nerve. When 
the counts were charted as curves it was found that, whereas the normal 
nerves contained myelin sheaths ranging from 1 to 10 # in diameter, 
with a preponderance of those between 3 and 6 x, the nerves from cases 
of subacute combined degeneration contained very few sheaths of over 
8 u, with the great majority under 4 p (fig. 1). It appeared, therefore, 
that either the larger myelinated fibres had suffered more than the 
smaller, or that there was a general reduction in size as well as in 
number of myelin sheaths. In the nerve obtained from the only post 
mortem case of subacute combined degeneration a similar preponderance 
of small myelin sheaths was found; but there were in this nerve a certain 
number of larger myelin sheaths, some of which measured up to 12 p. 
It was noteworthy, in this case, that many of the myelin sheaths, 
instead of appearing as clear cut circles, presented a double contour or 
were filled up with darkly-stained material. Longitudinal sections of 
this nerve showed a considerable amount of beading and irregularity 
of contour of the myelin sheaths. It is important to note that, in this 
case, the course of the disease had been rapid, the first symptoms 
appearing seven months before death, and leading to a bed-ridden 
condition six weeks before death, which was due to embolism of the 
pulmonary artery. A similar appearance was seen in the nerve from 
the case of acute infective polyneuritis of six weeks’ duration (Case 7). 
In the nerve of this case large myelin sheaths up to 12 u were found, 
and considerable Wallerian degeneration of individual myelinated fibres 
was seen in longitudinal sections of the nerve. The similarity of the 
appearance in the nerves of these two cases suggest that the abnormally 
large circles, seen in cross section of both nerves, represented swellings 
of the sheath on rapidly degenerating nerves. It was unlikely to be the 
result of post-mortem autolysis as no other post-mortem material showed 
a similar change. The curves plotted from the nerves of cases of sub- 
acute combined degeneration were remarkably uniform except for that 
obtained from this post-mortem case. Curves of very similar type were 
obtained from two cases of alcoholic neuritis. In one of these there 
were so few myelin sheaths in some of the nerve bundles, and those 
present stained so poorly, that it was very difficult to make accurate 
measurements and counts; the curve charted is taken from the least 
affected bundle in the section. 
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DISCUSSION. 


The great difference in measurements as well as in counts of myelin 
sheaths in the nerves of cases of subacute combined degeneration of 
the cord from those found in normal nerves may be accepted as evidence 
that there is a true degeneration of the peripheral nerves in this disease. 
As to the nature of this degeneration it has not been possible to form 
any definite opinion. The nerves examined by the Gros-Bielschowsky 
method have shown neither reduction in number, nor an alteration in 
the appearance of nerve fibres. It therefore seems unlikely that the 
axons are affected to any appreciable degree. Except in the rapidly 
fatal case of subacute combined degeneration of the cord to which 
reference has been made, there was very little abnormality in the contour 
of the myelin sheaths as seen in longitudinal sections and nothing was 
ever seen suggesting Wallerian degeneration. Nor is there any refer- 
ence in the literature to the presence of Wallerian degeneration in 
dubacute combined degeneration of the cord. On the other hand the 
preponderance of myelin sheaths of small size, as well as the poor 
staining of many ôf the myelin sheaths as compared with those in 
normal nerves, suggest that in subacute combined degeneration the 
nerve fibres suffer a general impoverishment of myelin. No doubt in 
severe and rapidly progressive cases Wallerian degeneration of individual 
fibres may occur, but this must be exceptional. 

It has been stated that the appearance in the osmic acid sections 
might be interpreted as indicating oedema of the fine nerve bundles. 
That oedema of nerves does occur is known, and it is the rule in many 
forms of polyneuritis. The presence of cedema in the nerves of cases 
of subacute combined degeneration, if established, would therefore 
confirm rather than disprove the view that lesions of peripheral nerves 
are present in this disease. However, no definite evidence of odema 
was found in celloidin sections of the peripheral nerves in any case of 
this series, although the Weigert-Pal sections of these nerves gave 
evidence of considerable loss of myelin sheaths. It is therefore not 
possible to explain these results on the basis of cadema of the peripheral 


nerves. 
SUMMARY. 


A. Peripheral nerves from normal people, from cases of subacute 
combined degeneration of the cord, and cases of neuritis have been 


compared microscopically. 
B. It has been shown that the myelin sheaths are reduced in number 
in the nerves of patients with subacute combined degeneration, and that 
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the reduction is of the same type, but not of the same degree, as that 
found in alcoholic neuritis. 

C. The reduction in the number of myelin sheaths affects all sizes, 
but preponderates among those of large size. 

It is a pleasure to express our thanks to our colleagues for permission 
to record these findings in patients who were under their ‘care. To 
Mr. Harvey Jackson we are indebted for the skilful manner in which 
he removed the peripheral nerves under local anesthesia. This work 
was carried out on behalf of the Medical Research Council. -« 
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APPENDIX. 


Cast HISTORIES. 


Case 1—S., male, aged 58, admitted under the care of the late Dr. Collier. 
He complained of tingling in the fingers for one year. Three months previous 
to admission he felt weak in his legs and the feet felt numb. On examination 
he was pale and sallow. There was no abnormality of the cranial nerves. 
The power of the arms and legs was good and no wasting was present. There 
was s striking inability to perform fine movements with accuracy in the hands, 
and he was ataxic in his gait. The arm and leg reflexes were normal. The 
plantar responses were extensor in type. There was a definite glove-and-stocking 
distribution of raised threshold to pin-prick and cotton wool. Vibration was 
lost in the legs. The cerebrospinal fluid was normal. Gastric analysis following 
histamin showed a complete absence of free HOL The blood examination 
was as follows: red blood cells, 2,850,000; hemoglobin, 92 per cent.; colour 
index, 1'6. The Price-Jones curve was shifted to the right. A good reticulocyte 
response was obtained following the administration of campolon. 


Case 2.—W., male, aged 44. Nine years previous to admission he had an ill- 
ness diagnosed as anpsmia. From this he rapidly recovered, but one year previous 
to admission he became easily tired. This was associated with “tingling ” of 
the finger-tips and was followed by a similar sensation in the toes. These 
subjective sensations spread up the arms to the elbows and up the legs to 
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the knees. Walking became unsteady and a tight feeling round the waist 
developed. On examination he was found to be sallow and pale. Examination 
of the cranial nerves proved negative. Power and range of movement of the 
arms were good but the fine finger movements were clumsy. A similar condition 
was found in the legs. There was no wasting or fibrillation 4n the muscles. 
The arm reflexes were normal but both the knee and ankle reflexes were absent. 
The plantar responses were extensor. Sensory examination showed a glove- 
and-stocking alteration to pin-prick and cotton wool, while appreciation of 
vibration was lost in the legs. The cerebrospinal fluid was normal. There 
was no free HCl in the stomach contents after an alcohol meal with histamin 
subcutaneously. The results of the blood examination were as follows: red 
blood cells, 2,790,000; hæmoglobin, 92 per cent.: colour index, 16. The 
Price-Jones curve was shifted to the right. After treatment with campolon the 
reticulocyte count rose to 5 per cent. on the fifth day. 


Oase 8.—H., male, aged 56. Six years previously he observed that he was 
unable to feel the floor with his feet. The numbness in the feet progressed, 
spreading up the legs to below the knee. Two years previous to admission 
tingling and numbness commenced in the finger tips and spread up to the level 
of the wrists. At the same time he became unsteady on his feet. On exam- 
ination he was slightly pale. The cranial nerves were normal. There was no 
marked wasting of the arms or legs, the power of which was good. The 
resistance to passive stretching was increased in the quadriceps. Fine move- 
ments of both the hands and feet were clumsily performed. The arm reflexes 
were brisk as were also the knee-jerks. The ankle-jerks were absent. The 
plantar responses were extensor. There was slight diminution to pin-prick over 
the digits of all four limbs, while vibration sense was lost in the legs. The 
cerebrospinal fluid was normal. Examination of the blood gave: red blood 
cells, 3,140,000; hemoglobin, 82°38 per cent.; colour index, 1'8. The Price- 
Jones curve was shifted to the right. A good reticulocyte response was 
obtained after the administration of campolon., Gastric analysis showed an 
entire absence of free HCl after a subcutaneous injection of histamin. 


Case 4.—I, female, aged 60, admitted under the care of Dr. Grainger 
Stewart. Seven months previous to admission, tingling and numbness com- 
menced in the finger tips. There was little progress of symptoms till six weeks 
before admission, when the legs besame weak and she had to take to bed 
fourteen days later. Associated with the weakness of the legs there was 
a sensation of “ grit” in the soles.. On admission, owing to her mental in- 
stability, the examination of the nervous system was undertaken with difficulty. 
There was no gross disturbance of function of the cranial nerves. There was ` 
no wasting of the arms or legs, all of which exhibited good power. The 
arm reflexes were normal; the knee and ankle jerks were very brisk, with 
ankie clonus. The plantar responses were extensor. The threshold for 
pain was raised in the legs and sense of position was very defective. There 
were 3,910,000 red blood cells with 93 per cent. of hæmoglobin in the blood, 


PLATE XIX. 





Fig 2.—Peripheral nerve from normal, stained with osmic acid. x 200. 
Fic. 3.—Peripheral nerve from Case 6 of alcoholic neuritis, stained with osmic acid. 
x 200. 
Fic. 4.— Peripheral nerve from Case 2 of subacute combined degeneration of the cord, 
stained with osmic acid. x 200. 
Fic. 5,—Peripheral nerve from Case 3 of subacute combined degeneration of the cord, 
stained with osmic acid. x 200. 


To illustrate paper by J. G. Greenfield and E. Arnold Carmichael. 
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giving a colour index of 1'2. Halometric readings indicated a halo of 8'1 p. 
She rapidly went downhill and died fifteen days after admission. Post-mortem 
findings confirmed the diagnosis of subacute combined degeneration of the 
cord. 


Case 56.—K., female, aged 35. For some years she had taken large 
quantities of wine daily as well as whiskey and beer. Seven months previous 
to admission she complained of pain in the soles of the feet and cramp in 
the calves, and during the last six months had been unable to walk. Two 
months previous to hospital treatment she developed weakness in both hands, 
and recently had had a very considerable loss of memory. On examination® 
there was & fine irregular nystagmus on lateral deviation of the eyes. There 
was marked wasting of both forearm and hand muscles with great weakness. 
The legs were wasted below the knees and bilateral drop-foot was present. 
All the deep reflexes were absent and no plantar responses were obtained. 
The muscles of the forearms and calves were exceedingly tender and there was 
an associated glove-and-stocking anssthesia to pin-prick. The protein content 
of the cerebrospinal fluid was 110 mg., otherwise the fluid was normal. The. 
blood examination gave normal results. On appropriate treatment she made 
a good recovery, the tendon reflexes returning in the arms, 


Case 6.—H., male, aged 62, admitted under the care of Dr. Hinds Howell. 
As manager of a licensed victualler's business, he had taken considerable 
quantities of alcohol. On two previous occasions he had suffered from delirium 
tremens. One month before admission he went off his food. During the 
fourteen days immediately preceding his admission, he had become incoherent 
and mumbling in his speech. Examination was difficult owing to the mental 
.state. No gross defect of function of the cranial nerves was observed. He 
moved his arms freely, but his legs were flail-like and very tender to pressure. 
The arm reflexes were present as were the knee-jerks, but the ankle-jerks were 
absent. No plantar response was obtained. Sensory tests were impossible. 
The cerebrospinal fluid was normal. He died four days after admission. 


Case 7.—P., female, aged 26, admitted under the care of the late Dr. Adie. 
Six weeks previous to admission she was seized with sharp pains in the legs. 
Three weeks later she had definite weakness of arms and legs with numbness 
of the legs up to the calves. At this time she was unable to walk owing to 
the weakness of her legs. A few days prior to admission she developed difficulty 
in swallowing and breathing. On examination of the cranial nerves there was 
weakness of the facial musculature. There was extensive flaccid weakness of 
all four limbs without any gross wasting. The tendon reflexes were all absent 
and no plantar responses were obtainable. ‘There was a glove-and-stocking 
anæsthesia to pin-prick. She died suddenly two days after admission. The 
post-mortem diagnosis was acute infective polyneuritis with severe degenerative 
changes, including Wallerian degeneration, in the peripheral nerves. 
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THE SUBPIAL RESECTION OF THE CORTEX IN THE 
TREATMENT OF JACKSONIAN EPILEPSY (HORSLEY 
OPERATION) WITH OBSERVATIONS ON AREAS 4 AND 6.1 


BY ERNEST SAOHS, M.D., 
St. Louw, Missouri, U.S.A. 


- THE purpose of this paper is to draw attention to an operation first 
suggested by Victor Horsley for the treatment of athetosis, which I have 
found most effective both for this condition and, to an even greater 
degree, for Jacksonian epilepsy. 

In reviewing my cases of Jacksonian epilepsy extending over a 
period of twenty-five years, I find that I have performed this operation 
eleven times, and that there were eleven other cases on whom, in the 
light of my present knowledge, I feel that I should have carried out the 
same procedure. 

Of the eleven cases operated upon, nine are cured, one has had a 
recurrence, and one died four weeks after the operation, so that in this 
case it was too early to speak of end-results, but during the time the 
patient lived, she was free of athetotic movements (Case 1). 

The eleven cases that constitute the basis of this report were selected 
from a series of 189 cases of supposed focal epilepsies, but in this series 
no cases are included in whom Jacksonian convulsions were due to a 
brain tumour. 

Of these 189 cases, 120 were discarded because of insufficient evidence 
that would justify the diagnosis of focal epilepsy. ‘This conclusion was 
reached after thorough examination and, whenever possible, observation 
of the convulsions themselves by a trained observer, either a doctor 
or a nurse. The remaining sixty-nine cases were operated upon, and 
may be divided into three groups :— 

First group.—Hleven cases of typical Jacksonian convulsions with 
extensive cortical degeneration. 

Second group.—Nineteen cases of typical Jacksonian convulsions 
with definite focal scars. 

Third group.—Thirty-nine cases in whom at operation no gross 
pathological lesion could be seen. 


1t Read at the Meeting of the Second International Neurological Congress, London, 
England, July 29 to August 2, 1985, 
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In the first group, nothing was accomplishéd by operation because 
the entire or greater portion of the cortex was involved. The degenera- 
tioh was very extensive, often containing huge degenerative cysts with 
areas of yellow gelatinous tissue. Most of these patients, besides having 
convulsions, showed mental deterioration. 

In the second group, operation had to be very radical in érder to 
remove the scar completely and, in several instances, the resection was 
carried down into the ventricle according to the suggestion of Foerster. 

In the third group (thirty-nine cases) no pathological lesion gould be | 
seen grossly af operation, nor did subsequent histological study of the” 
cortex, in those cases in which some of it was removed, show any 
abnormality. 

This is the group of which I particularly wish to speak. In eleven 
of these cases, in whom the convulsions were definitely focal, I did a 
subpial resection of the.cortex according to the method used by Victor 
Horsley and described by him in his Linacre Lecture in 1909. By this, 
procedure it is possible to remove accurately an isolated convolution 
without encroaching upon a neighbouring area. Ox the other hand, if 
the resection of the cortex is undertaken through the intact pia and its 
intact vessels, it is impossible, in man, accurately to isolate and remove 
one convolution. In the remaining twenty-eight cases, I did not attempt 
this procedure. When I found no gross evidence of cortical abnormality, 
I hesitated to do this unless I was absolutely certain that I was dealing 
with a true Jacksonian convulsion. In each of these patients, it is true, 
the convulsions always had the same pattern, but they spread so rapidly 
and became general that, in the presence of a normal-looking cortex, 
I was uncertain whether I was justified in considering the convulsion 
a true focal one. In eleven of these twenty-eight cases, as I have 
reviewed them recently, in the light of our results I feel I was too con- 
servative and should have done a subpial resection. I had not realized 
until I analysed these cases-for this paper that in those in which I had 
resected the cortex, the convulsions had been stopped in all but one 
instance. Three of the patients who were operated upon for local 
athetosis had athetotic movements identical with those described in 
Horsley’s case, which I was fortunate enough to see while working with 
him. ‘In all three of these patients (Cases 1, 4, 7) the athetosis was 
stopped, but, as one patient died four weeks later following another 
operation, the period of observation was too short to know what the 
final outcome would have been. 

In carrying out the resection of a convolution, it is all-important to 
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remove the entire centre, arm or leg, as the case may be. In three of 
my cases the arm was not completely paralysed after the first operation 
(Cases 2, 3 and 7); therefore I reoperatec and removed a larger 
area. In all three instances I found at the second operation, upon 
stimulation of the cortex, that I had left part of the arm centre. The 
histological examination of the areas removed was made for me by 
Professor James Lee O’Leary, of the Department of Cytology, of 
Washington University, who found that all but one of the specimens 
were motor cortex, Area F A gamma, the term applied to it by Economo, 
“and so designated because it contains some Betz cells. 

In 8 of these 11 cases the convulsions began with a movement in 
either the arm or leg. The area removed was what is generally spoken 
of to-day as Area 4. In one case the convulsions definitely were pre- 
ceded by a sensory ‘aura in the hand, and in this case I removed the 
post-central gyrus opposite the arm centre. Nine of the ten patients 
„have been free from convulsions; the one who had his post-central gyrus 
removed has been well for eleven years, and, during the past five or six 
years, has carried ọn his work as Professor of Physiology in one of our 
medical schools. 

These cases in which the cortex looked normal to the naked eye and 
showed no demonstrable pathological changes have given us an unusual 
opportunity to observe the change in the cortex that occurs just before 
a convulsion begins. It has happened in many instances that, while 
searching for a centre with the electric current, we set off a convulsion. 
Over and over again I have been able to warn my anssthetist that a 
convulsion was starting because of the change in the colour of the cortex. 
This change has invariably been an hyperemia. Only once have I seen 
the preliminary pallor which, it has been claimed by some neurosurgeons, 
is the first observable change that occurs when a convulsion starts 
(Case 7). Formerly we used a bipolar electrode with a faradic current, 
but in the last few years have followed the suggestion of Foerster and 
have used unipolar stimulation with the direct current. The single- 
shocks have the advantage, as he pointed out, of enabling one more 
accurately to outline a centre without exhausting or irritating it unduly. 
When @ centre receives too much stimulation it becomes hyperactive 
and convulsions are initiated which obscure the picture and prevent an 
accurate ablation of the ‘cortical centre. 

These cases of resection have given us an opportunity of checking an 
important physiological question that is still somewhat unsettled, namely, 
the difference between the loss of function resulting from the removal 
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= of the precentral gyrus as compared with removal of the intermediate 
precentral gyrus, in other words Area 4 and Area 6. In this series 
> Area 4 was removed ten times. Where a complete paralysis. resulted, 
the length of time before the extremity recovered varied co | 
Usually movements began to return in a week or ten days, w 
few vases, recovery was much slower. In one patient only slig 
movements had returned at the end of five weeks. In only one c 
this series was there a flaccid paralysis at any time after operation. | 
grasp reflex was tested in only one or two cases who had been oper L 
upon in recent years, but in none was it found to be present. The — 
absence of this reflex would be in accordance with Fulton’s idea of the 
function of the premotor cortex, but our results do not support his — 
contention that there is, at first, a flaccid paralysis following a removal A 
of the motor cortex. 
As only one convolution was removed in each case, we may conclude 
. that the precentral convolution varies in the number of efferent impulses 
to which it gives rise; thus, if an adjacent convolution contains more 
— efferent fibres earlier recovery may be expected. In tegard to the extent 
of recovery of function, it was invariably observed that recovery of the 
fingers was much less complete than that of the shoulder, elbow and 
wrist. Concerning the extent and type of sensory disturbance following 
removal of Area 4,it was noted in several instances that there was some 
disturbance in accurate localization, loss of accuracy in recognizing 
: compass points, and what I like to call incomplete astereognosis, due, I 
believe, to the sensory disturbance. To say that a patient has true 
_astereognosis, there must be no other evidence of a sensory disturbance. 
T have seen this occasionally, but, in my experience, a pure astereognosis 
is rare. 
Comparing the results in these cases with the results in the cases of 
wide excisions of scars, we find that where no scar was present the 
results: are distinctly better. Only ten of the nineteen cases of scar 
~~ excision have been without convulsions for a number of years. Some 
< of the other nine cases have had a return of their convulsions, and some, 
o unfortunately, have been lost sight of. | | 
To speak of a patient who has had Jacksonian epilepsy as cured isan. _ wae 
unwarranted statement, for we all know that patients may be free from — 
convulsions for a long time, a number of years, and then the convulsions: 
may recur as a bolt out of the blue. Only those patients may truly be — 
said to be cured who, up to the time of their death from some other 
cause, years later, have been free of convulsions. 
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Fic. 2.—The convolution completely freed after the pia arachnoid has been pushed back 
with cotton pledgets. 
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Tt requires a little courage, I have found, to remove what appears to 
be a normal-looking cortex; but in the light of the experience herein 
cited, if I am convinced that I am dealing with a true Jacksonian 
epilepsy, I now have no hesitation in carrying out a subpial resection of 
the cortex. This procedure I have designated the Horsley operation. 


Case 1.—E. F., aged 17, January 11, 1912, Barnes Hospital, No. f49. 

At the age of 5 the patient had pertussis and following this developed 
athetosis in the right upper extremity and to some extent in the lower. The 
entire right arm and hand were in constant motion. At times the movements 





Fic. 3.— Removal of the convolution after the pia arachnoid has been pushed back. 
This is an absolutely bloodless procedure. 


became very violent. Reflexes were not exaggerated. There was also move- 
ment of the right leg but not as marked. 

Operation January 23, 1912, under ether anmwsthesia. A flap was turned 
down on the left side. Subpial resection of the arm centre was carried out. 
The arm, following this, was completely flaccid. Reflexes were not elicited. 
Athetoid movements ceased. 

The patient was so pleased with the result that she requested something 
be done to stop the movements of her leg. Because of the location of the 
leg centre under the longitudinal sinus and the difficulty of exposing it, as 
well as because of a discussion to the effect that posterior root section would 
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stop athetosis just as aa tients excision did, on Pray 15, 1912, a — 
tomy was. done under ether anæsthesia, and the posterior root of the second, 
third, and fifth lumbar and the second sacral were cut. When the patient 
recovered from the anæsthesia, the convulsive movements of the leg were 
exactly as before operation. The patient developed an infection and died of a 
meningitis two days later. 

Case 2.—W. J., aged 29, September 18, 1915, Barnes Hospital, No. 2350. 

Complaint: Convulsions present for four years. Examination was prac- 
tically negative. Reflexes before operation were normal with normal plantar 
responseg. Four attacks were seen in the hospital which began with twitch- 
mg in the left hand and then spread: therefore, operation was decided upon. 
The Wassermann reaction was negative. 

Operation October 6, 1915, under ether anwsthesia. The arm centre was 
identified with the faradic current. The pia was split and the cortex excised. 
Patient had several post-operative convulsions, but there was no weakness of 
the left hand. Evidently the operation did not remove enough of the cortex, 
so the patient was re-operated upon six days later. On restimulating it was 
found that below the area of excision, there was a response by contraction of 
the face, and above this there was a response from the hand, forearm, and 
shoulder. This area was excised subpially. 

The left hand became weaker after operation. Dynamometer on October 14, 
left 75, right 115 ; on October 18, left 90, right 115. There are no details in the 
post-operative notes regarding movement of fingers as compared with the rest 
of the arm. After a week the hand was getting stronger. A month later the 
left hand had regained its strength practically completely. 

Case 3.—C. T., aged 27, May to November, 1917, Barnes Hospital, Nos. 
4181, 4654, and 4707. 

Present illness: Six months before admission the patient was kicked in 
the head on the left side by a mule. He was unconscious and was operated 
upon for compound fracture of the skull. He had a convulsion the night 
after the accident and then three months lafer began to have convulsions 
which commenced in the thumb. 

The patient on examination had a partial motor aphasia, slight cortical 
facial weakness and normal reflexes. Because of the epilepsy he was operated 
upon on May 23, 1917, under ether anesthesia. Adhesions were freed and a 
fat pad inserted. 

The attacks were not relieved; therefore the patient was readmitted in 
October, 1917, still having convulsions. Operation on October 12 under ether 
anesthesia. Fat pad found densely adherent to the cortex and removed. On 
account of the dense adhesions it was difficult to identify the piecgntral 


gyrus, but an area from which movement of the opposite extremity was 


obtained was excised by subpial resection. It was impossible to identify the 
thumb centre. 

Following this operation the patient had some indefinite sensory deih: 
ance but no paralysis of the hand, indicating either that the area removed 
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was not Area four (4) and that the contraction we had obtained upon cortical 
stimulation was due to spread of the current, or that I had not removed 
enough of Area four (4). 

The patient was therefore readmitted on October 27, 1917. Operation 
November 5, 1417, under ether anssthesia. On stimulation it was found that 
I had not removed the entire precentral gyrus. This was removed, and fol- 
lowing this the patient had a complete paralysis of his upper extremity. After 
four weeks the patient began to move his arm, first the shoulder girdle muscles. 
A letter received from him a month later stated that movement in his arm had 
improved and he was now able to move his fingers. No description as to 
whether the extremity was spastic or flaccid, or the character of the reflexes 
is available. 

Case 4.—G. 8., aged 27, April 29, 1920, Barnes Hospital, No. 8715. 

Rightshemiplegia at age of 8 which developed ‘after an attack of typhoid 
‘fever. The lower extremity improved, but the upper extremity developed 
athetosis. The reflexes in both arm and Jeg were increased and ankle olonus 
was very marked ; two-point discrimination test indicated no difference between 
the right and the left arms. When the patient became excited the left arm 
went into violent athetoid movements. Operation May 8, 1920, under ether 
anssthesia. The arm centre was identified as well as the leg and face centres. 
A subpial resection from the edges of the leg centre down to the face centre 
was carried out. 

Following operation the patient had complete loss of movement of her right 
arm. The athetoid movements had stopped. There was slight motor speech 
disturbance for a few days after operation, which had disappeared on the fifth 
day after operation; it was evidently due to adema. Two-point discrimination 
test showed definite disturbance, but there was no other evidence of a sensory 
loss. The patient was discharged on May 18, 1920; she had begun to move 
her arm quite well but no athetoid movements recurred. 

Oase 5.—C. M., aged 15, July 17, 1920, Barnes Hospital, No. 9047. 

At the age of 2 years the patient fell 6 ft. striking his head on a nail. At 
the age of 94 he had his first convulsion (focal epilepsy). His attacks were 
observed in the hospital by a nurse. They began with the neck and head 
being drawn to the left and twitching of the left side of the body beginning in 
the left arm, then the left leg, and then the convulsion became general. Reflexes 
in the arm were overactive, with slight weakness of the left side, but no sensory 
disturbance. 

Operation, July 21, 1920, under ether anmsthesia. On opening the dura 
there was thickening of the arachnoid. The arm centre was located behind 
the area of arachnoid thickening. “The arm centre was not as accurately 
outlined as I should have wished because of the scar. 

After operation there was no weakness of the movements about the 
shoulder, but there was weakness of the biceps and triceps and all movements 
in the forearm and fingers disappeared. ‘T'wo-point discrimination below the 
elbow was impaired. On July 29 the strength of the left hand was improving, 
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Movements of the fingers at the time of discharge were still impaired. Patient 
when last heard from had had no convulsions. 

Case 6.—C. W., aged 28, January 29, 1924, Barnes Hospital, No. 17066. 

On November 5, 1922, the patient was in an automobile accident and 
sustained a comminuted fracture of the skull in the right parietotoccipital region. 
He was operated upon and a subdural clot removed. Nine months after the 
operation, while on a holiday in the mountains, he had his first convulsion. 
As he was a physician he was able to observe his attack very carefully. From 
this time on he had a convulsion every month for four consecutive months. 
The conviflsive seizure was preceded by an aura as if his left forearm felt 
strange and did not belong to him. The attacks lasted from eight to thirty 
minutes. There was twitching of the fingers with systematic flexion extension 
movements. At the end of this time the patient became unconscious, the 
period of unconsciousness varied from eight to twelve minutes, and wat followed 
by post-epileptic automatism lasting about ten minutes. Large doses of luminal 
did not control the attacks. 

Operation, January 80, 1924, under ether anæsthesia. There was a dense 
soar between the scalp, bone and site of the old fracture. There was an area 
5 by 5 om. where there was a dense scar attached to the cortex. Cortical 
stimulation revealed that the motor area was entirely in front of the sear. The 
entire area involved with the scar was therefore excised, subpial resection being 
done. Forty-eight hours later the patient had a left facial weakness with 
flaccidity of the left arm and leg and an ankle clonus. The patient was drowsy 
and the pulse had dropped to 55. Evidently a clot had formed. On reopening 
the flap a moderate extradural clot was found, not enough to explain the 
symptoms. On opening the dura, the site of the cortical excision was filled 
with a huge blood clot. This was washed out and a silver clip put on a small 
bleeding spot. 

The patient had one convulsive movement of the left hand two days after 
the second operation, then made an uneventful recovery. For the past five 
years the patient has held the Ohair of Professor of Physiology at a Mid- Western - 
medical school. He has never had a return of symptoms, either sensory or 
motor. 

Case 7.——A. W., aged 22, October 12, 1928, Barnes Hospital, No. 17388. 

Patient sustained a birth injury and from a few days after birth had 
athetoid movements of the right hand and forearm. She only began to walk 
at the age of 2, and talking was somewhat retarded. At the ageof 12 she had 
her first convulsion which involved the face and the right arm. It was followed 
by a period of unconsciousness which lasted about an hour. A typical con- 
vulsion was deseribed as beginning with a peculiar drawing sensation in the 
right side of the face, followed by drawing of the mouth to the right, quivering 
of the right arm and then tonic contraction of the arm and hand, the leg was 
very slightly involved. The patient frequently bit her tongue. The patient 
then combined athetotic movements of the right hand with typical Jacksonian 
convulsions beginning in the face and spreading to tae hand. 


` 
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Operation, October 15, 1928, under local anæsthesia. A left-sided craniotomy 
was carried out. It was somewhat difficult to locate the arm centre with the 
faradic current; more stimulation than usual had to be used. Finally the 
patient had a general convulsion. The cortex became typically pale and then, 
as the convulsion advanced, hypermmic. Subpial resection of the cortex was 
carried out, extending from the abdominal centre right down to and including 
the wrist centre. 

Following the operation the arm was spastic but not completely paralysed. 
Therefore four days later the wound was reopened under local angsthesia, and 
on stimulation part of the arm centre was found still intact. This Was excised 
by the same technique. Following this operation there was compléte paralysis 
of the arm, forearm and hand. The hand was spastic. Occasional slight 
athetotic movements were still noted at the time of discharge. A letter from 
the patient a year later stated that she had been free of convulsions for a year, 
but following fright over a fire she had had one convtlsion. 

Case 8.—G. S., aged 18, May 8, 1931, Barnes Hospital, No. 29510. 

Ten years ago the patient had a severe fracture of the skull. He was 
operated upon three times for the skull defect. For the past seven years he Kas 
had focal convulsions beginning in the right arm and spreading to the leg; the 
face was never involved. Following the convulsions thé patient has weakness of 
the right upper extremity and ofthe toes. No sensory disturbances were present. 
No weakness existed between attacks. At the time of admission the patient 
was practically in a state of status epilepticus, having convulsions of the right 
arm every few minutes. Jt was impossible to control these with hypnotics. 
Therefore cortical excision was decided upon. 

Operation, May 12, 1931, under local anæsthesia. On location of the arm 
centre with the galvanic current repeated convulsions were started. The cortex 
looked normal. The face centre was located higher than usual. Subpial 
resection of the cortex was not as neat a job because of the numerous vessels 
which had to be coagulated, At the end of the operation the patient was 
unable to move either his arm or his leg. The morning after operation the 
patient has some movement of his leg, but no movement of his arm whatever. 
He made an uneventful recovery. Occasionally he had a peculiar feeling in 
the right arm, but no convulsive movements were noted. At the time of 
discharge on May 80, there was no return of function in the arm. A notea 
year later stated that the boy used his hand perfectly but said that it was 
“dumb.” He had no attacks since the operation. Occasionally he had 
peculiar sensations in his right hand which he described as twitching but no 
convulsive movements noted. 

Subsequent history: One year later the patient began to have convulsions 
which have slowly become more frequent, and about April, 1935, he began to 
have increasing weakness of his arm and speech difficulty. 

Patient was last seen in June, 1985. At this time he had slight convulsive 
twitchings of his right arm but no true convulsions ; there was some hesitation 
of speech which is the residue of an old sensory aphasia. 
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Case 9.—L. F., aged 52, June 12, 1988, Barnes Hospital, No. 38828. 

Patient was shot in the head one and a half years ago. One year later he 
developed right-sided convulsions and had six in all. Physical examination 
revealed right-sided hemiparesis, exaggerated reflexes in the arm, particularly in 
the wrist, slight ankle clonus, Babinski and Oppenheim responses, a suggestion 
of patellar,clonus on the right, and the right abdominal reflex was less than 
the left. The convulsion was typically Jacksonian, beginning in the right hand 
and arm and extending to the shoulder. From the description it is not clear 
whether the sequence is arm to face or arm to leg. No sensory disturbance 
was present. 

“ Operatién, June 15, 1933, under local anssthesia. The arm centre was 
located with the galvanic current. Stimulation started a convulsion. Subpial 
resection of the arm centre was carried out. All the rest of the scar tissue 
was then excised with the electric knife down to ncrmal brain tissue. The 
ventricle was not opened.s 

There was complete paralysis of the hand but some movements in the arm 
and slight right facial weakness. At discharge on July 4, 1933, there was no 
return of movement in the hand, but movements of the arm were stronger. 
No evidence of spasticity in the arm. Patient has had no convulsions since 
discharge. : 

Case 10.—L. L., aged 40, May 10, 1984, Barnes Hospital, No. 48387. 

Past history negative. For the past three montns the patient has had 
Jacksonian convulsions involving the left arm and leg. Shortly before 
admission he began to limp and had weakness of the left leg and foot. Reflexes 
in both arms were perfectly normal. Neurological examination revealed no 
disease. A tumour, possibly an angioma, of the cortex was considered as a 
possibility. The cerebrospinal fluid was normal. Repeated attacks observed 
in the hospital always began in the left arm. 

Operation, May 12, 1934. Under avertin a flap was turned down on the 
right side, the cortex-looked normal. It was impossible to locate the arm 
centre with the galvanic current so that the faradic current had to be used. It 
was then possible to outline Area 4. A subpial resection of the cortex was 
carried out. 

Following operation there was complete loss of movement of the arm and 
slight involvement of the flexion movements at the hip, but otherwise the leg 
was not involved. Reflexes in the left arm were perfectly normal; no flaccidity 
was noted. For three weeks after operation the patient bad no movement 
in the arm whatever, but on June 6, flexor movements of the fingers and elbow 
were first obtained. The flexor movements increased in strength, the extensor 
movements were slow in recovering. At the time of discharge the patient had 
recovered only moderate use of his extremities. Since discharge there have 
been no convulsions. Power of the arm has never become normal, especially 
of the hand. ' 

Case 11—W.A., aged 11, October 4, 1934, St. Louis Children’s Hospital, 
No. K-2199. ° 
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Jacksonian epilepsy beginning in the right hand with sensory sura and 
involving the right army since the age of 8. The attacks were checked by 
luminal. Lately convulsions have been more frequent and more severe, but 
without loss of consciousness. Recently slight hemiparesis, mostly of the right 
- upper extremity, appeared. Sensation was normal, including two-point dis- 
crimination on both sides. Patient walks with a slight hemiplegic gait. 
_ Evidently a focal epilepsy involving the arm centre. 

Operation, October 10, 1934, under avertin angsthesia. A broadened post- 
central convolution was found which was harder than normal but looked like 
normal brain tissue. This broadened convolution was found to contain the arm 
centre and a subpial resection was done. ° ° 

After operation all movements of the upper extremity were absent except 
shrugging the shoulder. Biceps and triceps reflexes were normal; there was 
slight facial weakness, but no involvement of the leg. On October 13 the 
wound was reopened because of a moderate-sized extrg-dural clot. The patient 
was discharged on October 28. At discharge there was poor movement in the 
right upper extremity; the greatest difficulty was in the extension of the 
wrist and extension of the fingers. Two months later movement of the arm 
had markedly improved, but there was still impairment of the finer movements 
of the fingers. 
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Norices oF RECENT PUBLICATIONS. 


Handbuch der Neurologie. Herausgegeben von O. BumMke and O. 
FOERSTER. Berlin: Julius Springer. 1935. i 


The aim of the Editors of this system of neurology is to furnish a compre- 
hensive and up-to-date series of volumes which will include all our latest 
knowledge in every branch of neurology. They have succeeded in collecting a 
noteworthy band of contributors, mostly from Germany it is true, but many 
from other countries, who can write authoritatively on the subjects allotted 
to them. The material is ready for publication, and it is stated that volumes 
will appear each month until the whole system is complete at the end of 1936. 
There will be in all seventeen volumes, and the price at time of publication 
will be 1260 RM., which will be considefably increased later. The cost is 
certainly high, but the system promises to be, for several years at least, the 
most complete work available in any language. The volumes now available 
for review are splendidly produced, the paper is good, the type is clear and 
legible, and the illustrations: are well chosen and excellently reproduced. 


Band I.: Anatomte. Pp. 1152, with 585 illustrations. Price 
RM. 120. 


The first volume is entirely devoted to the anatomy of the peripheral and 
central nervous systems. It is thoroughly up to date and certainly includes all 
available anatomical facts which will be required by the clinical and research 
neurologist. It is profusely illustrated; there is, in fact, an average of at 
least one figure for every two pages, and a comprehensive bibliography at the 
end of each chapter. A very full index of authors and subjects is also 
provided, 

It is impossible to give an adequate review of the contents of this volume, 
but a list of its subjects and of their authors will serve to indicate its scope. 
In the first chapter Rose gives an excellent but concise description of the 
embryology and development of the nervous system, a subject the importance 
of which is often lost sight of in the study of anatomy and in interpreting the 
relation of clinical symptoms and structural lesions. M. Bielschowsky deals 
with the histology of nerve cells and fibres, of the neurologia, and of the blood- 
vessels and lymph paths, and then defines the general principles of the pathology 
of these structures. He also discusses the neurone theory, which is more 
fully treated by Cajal in a later chapter. Alice Rosenstein and Pollok deal 
respectively with the anatomy of the peripheral nervas and of the spinal cord 
and brain-stem, Gagel with the anatomy of the cerebellum, Spatz with that 
of the mid-brain, and Rose with the structure of the cerebral hemispheres. 
All these chapters are excellent, and as far as can be feen they are as complete 
as they could be in the pages allotted to them. 

In the next chapter Rose describes the structure of the cerebral cortex, in 
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more detail perbaps than is necessary in a volume of this character. It extends 
in fact to almost 200 pages, but it is liberally illustrated. Two useful chapters 
on the blood supply of the cerebral cortex and the distribution of neurologia 
in the nervous system by Freedom and Schroeder, are followed by one on the 
macroscopical and microscopical anatomy of the vegetative system by Greving. 
Before his death Cajal completed his section on the neurone theory and its 
significance in physiology and pathology. In the final chapter Boeke describes 
the mode and the principles of regeneration of nerve fibres. 


Band VII. Erster Teil. Humoralpathologie der Nervenkrgnkheiten. 
Pp. 505, with 67 illustrations. Price RM. 82. ° * 


The whole of this volume, which has been written by F. Georgi and 
O. Fischer, is devoted to the pathology of the blood, urine and cerebrospinal 
fluid in nervous diseases. The first 200 pages deal with the blood and urine 
in various neurological conditions ; the next 100 pages or so with the cerebro- 
spinal fluid. In the latter section the presence in the fluid of ferments, 
hormones, immune bodies and other substances is fully discussed. The 
pathological changes, in the cerebrospinal fluid particularly, in all types ‘of 
nervous diseases are fully desoribed in the last chapter. 

Eech of these chapters contains an extraordinary wealth of facts and 
observations, many of which, though important, must be unknown to the 
ordinary neurologist; each is, in fact, a complete review of the subject with 
which if deals. There is probably no other single source in which so much 
information in these subjects can be found so scientifically collected together 
and go authoritatively correlated. A bibliography of nearly 100 pages and an 
adequate index make it possible to use this volume as a separate monograph. 


Traité de Physiologie Normale et Pathologique: Physiologie Nerveuse. 
2me Partie. E. G. Rocer et L. Bryer. 1935. Paris: Masson 
et Cie. Pp. 1580, with 275 illustrations. Price fr. 250. 


Volume 10, which appears in two parts, completes the system of Physiology 
which has been edited by Professors Roger and Binet. It is, as the preceding 
volume which we have already reviewed (vol. 56, p. 348), wholly devoted to 
the physiology and physiological pathology of the nervous system. Several of 
its chapters are of outstanding merit and interest, as that by Bremer on the 
cerebellum and that by Garcin on the functions of the cranial nerves and their 
disturbances. Probably nowhere are the functions of the vestibular apparatus 
more clearly and concisely presented than in the latter. There is also an 
excellent section on the sympathetic and parasympathetic systems, but recent 
work which has shown the important part played by chemical substances in 
the activity of these systems is scarcely referred to. Haguenau treats the 
cerebrospinal fluid on more or less conventional lines, and Logre, in his chapter 
on psychophysiology, deals almost exclusively with the mental symptoms due 
to mechanical or chemical damage, and those which develop on a constitutional 
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basis. The chapters on the conduction and specific functions of the spinal 
cord and brain-stem are disappointing. Milian's excellent article on the 
physiology of the skin and its organs contains much valuable information, and 
H. Pieron’s chapter on “le Toucher,” that is sensations dependent on cutaneous 
and proprioceptive stimuli, attains the high level to be expected from its 
author. The physiology of the special senses is adequately presented in special 
sections. Froment writes on articulation and speech; the discussion of 
articulation and its disturbances is excellent. It can hardly be expected that 
the views of an author on speech and aphasia will receive general approbation, 
but the aughor presents his own attitude satisfactorily. 


Huntington's Chorea. By Junta BELL. The Treasury of Human 
Inheritance, Cambridge University Press, 1934. Vol. IV., “ Ner- 
vous Diseases and Muscular Dystrophies,” Part 1. Pp. 63, with 
12 plates. Price }0s. 


This study contains a brief account of the symptomatology of Huntington’s 
chorea, a passing referencé to its morbid anatomy and an analysis of the 
information which the author has collected as to its age and sex incidence, its 
duration and inheritance. 

The onset of symptoms is commonest in the foursh decade of life, but the 
range of years over which the malady may make its first appearance is a wide 
one. The sex incidence is approximately equal and the duration averages some 
fourteen years. There is no direct relationship between the severity of the 
choreiform and of the mental disorder, in some cases the former and in others 
the latter is the predominant symptom. 

The disease behaves as a dominant, being transmitted directly from parent 
to offspring. 151 pedigrees and histories are given. There is also a com- 
prehensive bibliography of the clinical and pathological literature of the 
disease. 


L’ Abolition Isolée du Réflece Pupillaire d’Adaptation à la Lumière. 
By A-M. H. Laaraner. Paris: Dion et Cie. 1985. Pp. 160. 
Price 40 francs. 


The author undertakes a clinical study of the Argyll-Robertson phenomenon 
as observed in syphilitic and in non-syphilitic subjects, including in the latter 
category cases of the so-called “ myotonic” pupil. 

She confines her discussion to the loss of the light reaction and does not 
consider the possible significance of the other signs which together make up 
the syndrome in its complete form, namely, miosis, irregularity and inequality 
of pupils and atrophic changes in the iris. She refers to the work of Dupuy- 
Dutemps, who has emphasized the importance of considering all these com- 
ponents in any searching analysis of the syndrome, and who pointed out that 
the final state of the Argyll-Robertson pupil in long-standing cases of tabes is 
one of complete immobility. It may be doubted whether otir knowledge of 
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this complex and, so far, unexplained syndrome can be materially advanced 
until some generalization is found which will satisfactorily embrace all its 
components. The author completely evades this problem. 


Ueber Myotonse. Klinische und erbpathologische Beiträge. Von H. 
Bozters. Léipzig: Georg Thidme. 1935. Pp. 82. Price 
RM. 5.60. 


Boeters gives an extensive synopsis of published papers on myotonia ` 
congenita (Thomsen’s disease) as well as on myotonia atrophica. The author 
himself examined twenty patients affected by myotonia and nearly all thgir 
relations living in Silesia. He publishes fourteen tables and twenty pedigrees. 
Like previous authors Boeters thinks the disease is transmitted by dominant 
heredity. Nisson, himself a member of the Thomsen family, has asserted 
that Thomsen's disease and myotonia atrophica were fundamentally different 
affections having nothing in common except myotonic disturbance, but 
Boeters, like Rosett and others, maintains that both affections are the same. 
He draws this conclusion, which has not been hitherto accepted by other 
authors, from having observed in the same families typical cases of both 
diseases. It would be of interest to know whether detailed examinations 
were performed (for example of lenses by slit-lamp) in oder to make sure that 
cases considered to be Thomsen’s disease were completely free from signs and 
symptoms considered pathognomic of myotonia atrophica. 


Des Réflezes Conditionelles : Etudes de physiologie normale et patho- 
logique. Par Q. A. Maninesoo et A. KREINDLER. Paris: Librarie 
Félix Alcan. 1935. Pp. 168. 


The authors give a general review of the observations and views associated 
with the name of Pavlov, and they attempt an application of these doctrines 
to a wide range of psychoneuroses and psyphoses, and to the study of dis- 
orders of the speech function. * This application, although it is illustrated by 
some clinical reports, is predominantly of # philosophic rather than of a 
clinical order. 


The Autonomic Nervous System: Anatomy, Phystology and Surgical 
Treatment. By J.C. Waive. London: Henry Kimpton. 19365. 
Pp. 886. Price 30s. 


The chief interest of this book lies in its detailed account of the various 
surgical procedures now practised upon the sympathetic system. These are 
described from the technical and the clinical aspects and the author affords a 
comprehensive review of the present state of the surgery of the sympathetic 
system, and of the results so far obtained. 

Although theoretical arguments are not lacking to rationalize the ever- 
increasing number of such interventions, and the steadily growing range of 
maladies and symptoms for which they are carried out, it appears that in some 
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instances they are in the nature of “shots in the dark,” undertaken hopefully 
because no other adequate method of relief or cure is available. 

Even where the theoretical basis of operation appsars sound the results are 
sometimes profoundly discouraging. The treatment ot epilepsy provides a case 
in point. It has been observed that stimulation of the cervical sympathetic 
decreases ¢he capillary bed within the brain, while sympathectomy increases 
it by some 50 per cent. It has also been reported that when the brain is 
exposed the onset of an epileptic fit is heralded by a local spasm of cortical 
arteries. It has been argued, therefore, that bilateral cervicothoracic ganglio- 
nectomy vehich effects complete sympathetic denervation of the brain should 
prevent thê occurrence of epileptic fits. White records seventeen cases so 
treated. In two only of these is it possible to see any remarkable sequence of 
the operation. The patients were children of the ages of 7 and 14 respectively, 
and their liability to fits was in each case of short duration. Both have since 
remained (for three years) free from all fits. But it is doubtful whether any- 
one familiar with the natural history of the malady, and aware that sometimes 
in childhood epileptic fits cease spontaneously for a period of years, would 
venture to find these results as encouraging as does the author, and the reader 
is left with the impression that greater discrimination in the use of sympathetic 
surgery might in the erd sooner reveal its scope of usefulness, and avert many 
fruitless operations upon the sick. 


Individual Psychology : Medical Pamphlets: Nos. ila, 12, 18, 14. 
London: C. W. Daniel. 1984-35. Pp. 65. Price 2s. 6d. each. 

This little collection of papers delivered by Alfred Adler and his followers 
in England is characteristic of what individual psychology has now become, 
a useful, limited, intellectually unambitious way of dealing with neurotic 
problems. The outlook of some of the writers is simple to the point of 
naiveté; others have a background of philosophic interest, here best 
propounded by Dr. Leonhard Seif, a typically Adlerian approach to "life 
philosophy.” ° 


Mental Health: Its Principles and Practice. By F. E. HOWARD and 
F. L. Patky. New York: Harper and Bros. 1935. Pp. 551. 
Price 15s. 

Mental hygiene is necessarily propagandist, with the result that many of 
the books dealing with it are vague and enthusiastic, when the reader would 
prefer them to be concrete. This book, although wordy, is more satisfying to 
the medical reader. The teaching of Adolf Meyer is presented in it coherently 
so that the psychiatric part offers an easy but sound introduction to this diff- 
cult subject. In the first third of the book sexual and other psychological 
problems are elucidated from the standpoint of mental hygiene; the remainder 
is taken up with ‘‘ergosiology,” or objective psycho-biology, and the methods 
of recognizing and dealing with deviations from mental health, especially those 
which oecur'in children. Educational problems are dealt with more fully than 
is usual in such works. 
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